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LETTER FROM THE EDITORS 


Again this past year the Editors and members of the Editorial Board have 
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The Editors wish to take this opportunity to express their appreciation to 
Dr. George E. Bureh, Dr. Jerome W. Conn, Dr. Douglas A. Mack adyen, and 
Dr. Irvine H. Page for their high quality of performance and diligent service 
as members of the Editorial Board for the past several years. They will be 
replaced on the Board as of Jan. 1, 1952, by Dr. S. Howard Armstrong, Jr., 
Dr. A. C. Coreoran, Dr. Eugene Ferris, and Dr. Randall G. Sprague, who have 
accepted three-year appointments. 

The Editors gratefully acknowledge the excellent service and cooperation 
of the Mosby Company during the past three years. They would also like to 
commend Mrs. Lois Richards of the University of Chicago for the superior way 
she handles the hundreds of manuscripts and thousand of letters in the Editor’s 
office. 
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24 LOOSLI AND BLOCK 


The work of reviewing and publishing manuseripts can oftentimes be made 
easier if the authors would pay more attention to organization of the data. 
Manuscripts organized under the following general headings are most. easily 
evaluated: Introduction, Materials and Methods, Results, Discussion, and 
Summary. 

This JouRNAL requires the academic degrees of the authors and complete 
bibliographic references in manuscripts. When these are incomplete, which 
is not infrequent, there is, of necessity, a delay in processing the manuscript 
for publication. For detailed information concerning the preparation of manu- 
seripts the authors are referred to the Editorial Communications page usually 
found on the inside of the back cover of the JOURNAL. 

Clayton G. Loosh, M.D. 
Kditor 

Matthe uw Block, MD. 
Associate Editor 








A TESTAMENT OF DUTY 
SOME STRICTURES ON MORAL RESPONSIBILITIES IN CLINICAL RESEARCH 


WILLIAM BENNETT BEAN, M.D. 
Iowa Ciry, lowa 


[' IS the immemorial custom of societies such as ours to hold an annual clam- 
bake; and the president is expected to invoke his prerogative of perpetrat- 
ing an address. Some have enlivened the occasion with clownish antics, some 
with solemn beard tugging, or scowling with alarm at things as they are. 
Others have taken broad and panoramic views over particular aspects of the 
inexhaustibly various fields of elinical research. Frustrated investigators 
have even used the opportunity to give a paper which former incumbents of 
the office had omitted from previous programs. 

| propose to depart a little from established patterns and discuss with you 
a simple problem at the very heart of clinical research, namely, the moral re- 
sponsibilities of the clinical investigator. Though the Cassandras of moral 
decay are now in vogue, | was pondering this topic well before the current 
fashion yielded such a ripe harvest. As far as I ean find, morality has not 
been the theme of a presidential talk before this or any other society concerned 
with elinical research. Perhaps others have not thought it appropriate but 
rather extraneous to the objective investigator, or have shied away because 
of indifference or pride masquerading as humility. I cherish this office as a 
great honor and opportunity, and will try to live up to it dealing with prob- 
lems of deep significance for us physicians, investigators, and teachers. While 
calling attention to a situation will be my chief concern, some suggestions for 
possible treatment and salvage will be offered. The diagnosis clearly seen 
anticipates the cure; or at least defines the prognosis for humble eontempla- 
tion. It would be disingenuous to imply, in setting forth certain moral ob- 
ligations as essential in the creed of physicians of good will, that I have sue- 
ceeded always in following my own precepts. 


MORAL RESPONSIBILITY IN HUMAN EXPERIMENTS 


Experiments on man are perhaps coterminous with human existence, in 
wars and accidents, therapy and research. In ancient Persia, kings gave over 
condemned criminals for experiments useful to science. Later this was prae- 
ticed by the Ptolemies in Egypt, and during the Renaissance by Fallopius in 
Pisa. Let me introduce some thoughts of Claude Bernard on this subject. 

‘‘As far as direct applicability to medieal practice is concerned, it is quite 
certain that experiments made on man are always the most conclusive. No 
one has ever denied it. ... First, have we a right to perform experiments and 
Vivisections on man? Physicians make therapeutic experiments daily on their 

From the Department of Internal Medicine, State University of Iowa. 


Presidential address, Twenty-fourth Annual Meeting of the Central Society for Clinical 
tesearch, Chicago, IIl., Nov. 2 and 3, 1951. 
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patients, and surgeons perform vivisections daily on their subjects. Experi- 
ments, then, may be performed on man, but within what limits? It is our 
duty and our right to perform an experiment on man whenever it can save 
his lite, cure him, or gain him some personal benefit. The principle of medical 
and surgical morality, therefore, consists in never performing on man an ex- 
periment which might be harmful to him to any extent, even though the result 
might be highly advantageous to science, i.e., to the health of others. But 
performing experiments and operations exclusively from the point of view of 
the patient’s own advantage does not prevent their turning out profitably to 
science.”” 

Clinical investigators rarely meditate upon the wide cleavage which sepa- 
rates clinician from investigator in their split personality. As physicians, 
their prime concern is intimate, personal responsibility in caring for sick people. 
As investigators they are goaded by divine discontent and impelled by curi- 
osity as well as ambition for renown. Such stimulus sometimes suppresses 
the physician altogether. The different views are seen well in the subtle but 
great change which oceurs when a house officer becomes a research fellow. 
Unless wisdom and compassion are neatly blended, the friction between the 
excited investigator bent on research and the resident with his mind set on 
care for the patient may produce fire as well as acrid smoke. 

One of the causes for a too casual view of the patient as subject is the 
education of clinical investigators, their background, and their purposes. In 
times gone by elinical research was carried on by physicians whose orientation 
was general practice, the clinic or hospital. Their training was more in the 
art of practice than the science of the laboratory. Problems arising in the 
context of sick bed or office, exemplified by clinical disease in a puzzling pa- 
tient, provided incentive to seek a solution by whatever means were at hand. 
Clinieal research, facing the problem of puerperal sepsis, gave a solution by 
Oliver Wendell Holmes which epitomized the utility of careful empiricism be- 
fore Koch and Pasteur provided exact science which put the mechanisms on 
a higher level of comprehension. In no sense did science change the impliea- 
tions. Long before this, Lind had found how to prevent scurvy. The facts, 
dangling before the averted eves of chemists and physiologists, had to wait a 
century and a half for detailed explanation. Walter Reed discovered the man- 
ner of yellow fever’s epidemic spread before the laboratory had defined its 
specific filterable virus. In more recent times the elinical response of per- 
nicious anemia to liver was clear fact well before the missing factor was 
isolated. In the contemporary field clinicians provided insight into the fune- 
tions of cortisone and ACTH, while it was puzzling those whose imagination 
was hemmed in by the traditional philosophy of the laboratory. 

Aside from the time lost in the desultory and idle ritual of experiment 
devoid of ideas, what further implications are there in the orientation of ex- 
perimental medicine away from the sick person into the labyrinths of the 
laboratory? First is the artificial cause of research where technical vertu- 
osity, giving method, directs the energies of investigators into predetermined 


channels whose boundaries are hedged about by a technique. Applied research 
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is of great use. It does not open new lines of thought. Unless fertilized by 
new ideas, it imprints a rigid pattern but never alters the course of practice 
by bold novelty or originality. In the end it is stultifying to its practitioners 
and becomes formalized in the empty echoes of a sequence of pedestrian 
projects. 

Of more danger and concern is the custom now current that clinical in- 
vestigators come to positions of academic responsibility by apprenticeship 
in laboratory science rather than by the thornier path as practitioners of the 
art who become wise elinicians. And the danger is not in the matter of teach- 
ing, which may be done well or poorly without exact correlation with training, 
but that the most praiseworthy zeal for knowledge may lead the man whose 
technical background overshadows his caring for the patient into a disregard 
for the subject of his researches. Thus, potentially dangerous experiments 
may be done without the subjects’ knowledge or express permission. Whether it 
be thoughtlessness or heartlessness, such practice is a measure of the moral 
obliquity which exists in some high places of research today. Fortunately, it 
is not widely current, but it does exist. At a time when ethical standards are 
high, or religion elevates moral tone, this situation would have other cor- 
rectives. They are not effective today. Moral necrosis is sinister in its per- 
vasive insinuations, and all who are concerned with clinical research, that is, 
experiments on themselves and their fellow man, must face the implications. 
The recent degradation of physicians in Nazi Germany exemplifies the decline 
and fall of a group whose moral obligations went by default in a single gen- 
eration. The house would not have fallen had not many timbers been rotten. 
Descent into the gas chamber by doctors of infamy had its beginning in dis- 
regard for the patient. Never forget that the difference between an experi- 
men on human beings without clear understanding and freely granted permis- 
sion, and the determination of the M.L.D. in man is one of degree, not of kind. 
The patient, however humble and however ill, in whatever degree derelict and 
forlorn, has sacred rights which the physician must always put ahead of his 
burning curiosity. 


THE MORAL RESPONSIBILITY TO HELP THE RISING GENERATION OF PHYSICIANS 


Clinieal investigators have a deep obligation as teachers to eneourage 
younger associates and students to follow a career and achieve excellence 
worthy of the best of the profession of medicine. I was disheartened recently 
when a leading clinical society effectually excluded from attendance the in- 
tern-resident group, the very ones most likely to gain inspiration and benefit 
from their proceedings. Though this mournful situation was eagerly corrected 
when called to their notice, the fact that it was permitted to happen suggests 
a serious lack of vision. It indicates the real need for championing our juniors 
if we are to raise up admirable foilowers. (That this could fail by default may 
be read as an omen of the degree to which minutiae or trivia occupy the coun- 
cils of those to whom we have looked for leadership. ) 

A stifling influence of still graver import, one that no clinical teacher has 
willingly tilted at in public for reasons all too apparent, is the overweening 
and erushing impact of the specialty boards. As a theme recall what Lord 
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Acton said—‘‘power corrupts and absolute power corrupts absolutely’? and 
Burekhardt’s admonition ‘‘power is of its nature evil, whoever wields it.”’ 
Also let it be recognized in charity that my comments are directed at that 
anonymous corporate being, the Board of Internal Medicine, not individual 
members whom we would all cheerfully confess to be our leaders in clinical 
medicine today. This corporate entity has a number of sinister aspects, and 
some of its acts ean be described only as immoral. First, it is a self-appointed, 
self-perpetuating body without status in tradition or law, but with imense 
prestige in practice.* If it is representative of American medicine, or even 
its better aspects, this is only accidental. It sits as a judicial, executive, and 
legislative body, but with no semblance of a democratic basis, no external 
critique, no constant rejuvenation from youthful sources. Thus its very com- 
position inerusts it with conservatism and focuses its procedures on a_back- 
ward view of medicine or at best the status quo. But unless medicine is ¢on- 
stantly advancing it retrogrades. Harboring in the quiet estuaries of the past 
is a poor index of capacity to go forward. It is a sheet anchor against advance 
out on the high seas. There is the tacit assumption that regimented, arbitrar- 
ilv set training guarantees excellence in practice and maturity of Judgment, 
an assumption we see contravened every day. If anything, such training de- 
feats its own supposed ends. 

Even if one condoned the general purpose of the Board, how far does it 
fall short of achieving its goal? What incentive is there to further advance 
or even keep up, after the hurdle is crossed?) Onee a board man always a 
hoard man. Permanent status rewards temporary achievement and this fault 
is common to state licensing bodies and other boards, rendering their pompous 
concern with standards eminently silly. There is no recurring measure of 
progress, no **quinquennial brain dusting,’’ no lustrum to refresh and purify. 
The encouragement is to run one race and stop. 

With this price tag on passing, how does the Board reach its ineluctable 
and ineludible decisions? Are the criteria for admission as valid today as the 
academic benchmark used for those who were arbitrarily proclaimed satisfae- 
tory specialists at its commencement? No effort is made to find out what the 
eandidate really understands, but only what fraction he knows of what the 
examiner knows. Because of the mass of would-be specialists, one set of ex- 
aminations is of the multiple choice variety, as though medical learning could 
be reduced to a clear and final choice among a few rigid alternatives. The 
data are easy to get, but what wise man understands what they mean? And 
here a fearful phenomenon comes into play. At least on some occasions no 
absolute criterion of satisfactory performance determined passing or failing, 
but a locus on a distribution curve made up of the scores of a particular group 
of candidates. The same absolute performance which passed one time failed 
another. Success was determined not by one’s own efforts, but by what others 


*It has been pointed out to me that appointments to the Board are made by the 
American College of Physicians and the Section of Internal Medicine of the American Medical 
Association. Thus, manifestly it is not “self-appointed and self-perpetuating’ and the onus 
should be placed where it belongs. I sincerely regret my error. Nevertheless, this body 
must be held responsible for its deeds and its philosophy and their implications. It seems 
best to leave the remarks as delivered without change. 
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did. We ean hardly find a worse example of moral irresponsibility than 
standards built upon such a morass. What possible expediency can justify 
herd performance as criterion of excellence? Is it not a curious and de- 
pressing thing that in America, where the look has been to the future, the 
incorrigibly powerful Boards should combine the weakest and retrospective 
aspects of French faith in scholasticism, British faith in examinations, and 
Teutonic faith in degrees? 

Unfortunately, the Boards have spawned a strange parasite, the am- 
bitious but immature specialist, more interested in the tinsel and trappings of 
his career than in his true work of becoming the best possible physician. 
Originality is not encouraged. Even if the aims were equitably reached, the 
discovery of competence is a far ery from the propheey of excellence. 

An unrealistic feature of the system is the practical facet that those who 
have invested the years of training required for admission to the examination 
will practice as specialists whether they pass or not. 

A by-product of this system of reactionary stereotypy, built on profound 
faith in examinations, those hallmarks of academie omphalism, is the dictation 
of educational terms to medical schools and hospitals already burdened with 
financial problems they cannot meet. This is done without any overt practice 
of inspecting to given assurance that standards are kept up, or reviewing to 
Judge the quality of the programs required, or implementing dictates with a 
budget. 

In fine, the Boards have usurped the rights and function of our univer- 
sities. They sit harpie-like with Molotovian veto on progress, perhaps elevat- 
ing the mass but stifling activity at the shifting interface between knowledge 
and ignorance where imagination probes with its innumerable patrols into the 
unknown. In my opinion it is high time that the universities got back their 
ancient prerogatives of graduate training, and that medical education be in the 
hands of teachers, not specialists. Only thus can we hope that originality will 
lead its cherished few to excellence, and youth will redeem the elders by ad- 
vancing progress. 

THE MORAL OBLIGATION OF TEACHING 

By implication if not by definition a clinical investigator must be a teacher. 
By a curious distortion of values capacity for teaching is more likely to be 
a handicap than a help to a young person who aspires to be a good elinical 
teacher. Perhaps this paradox results from failure to take seriously the main 
responsibility of a clinical chief, which is teaching. As medical teachers are 
chosen today with the eye asquint upon volume (and not necessarily quality) 
of published papers, it is accidental if superior talent for teaching adorns the 
odd assortment of characteristics demanded of medical department heads. No 
one has dared confront the eurriculum head on and align it with the vast and 
incomprehensible array of new facts not yet codified in any sensible order. 
Always it is add another appendage. Unless a revival of integration permits 
wholesale pruning and sensible grafting the academie tree, overburdened with 
miscellaneous fruit, will fall of its own weight and spoil the harvest. 
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What is the most effective general teaching today at the postgraduate 
level? In sorrow we must admit that the artistic and artful brochures of 
wealthy pharmaceutical houses, sped on by a crusading band of detail men, 
have effectively taken over graduate teaching. The blandishments of advertis- 
ing, siren song of the purveyor of pills, now that there really is a multitude of 
specifics, puts professional judgment in a sorry place. Harnessed to the light- 
ning strokes of lay publicity, the demand for new miracle drugs often comes 
from radio or newspaper coaching, and the practitioner, fearing to ‘‘be not 
the first by whom the new is tried’? becomes party to a conspiracy of ig- 
norance, fraud, and twisted idealism which has run the gamut from vitamin 
craze to spurious cold cures and Hadaeol. After all, we have some responsi- 
bility in this mess, and must provide leadership to protect the publie and 
embellish the name of medicine, Certainly many pharmaceutical houses are 
advaneing the cause of medicine. More power to them. I do not grudge the 
honest dollar to the shareholders in drug enterprises, but when their advertis- 
ing budgets exceed the total outlay for teaching and research provided by all 
our medical schools concern is justified, ‘‘for where your treasure is there will 
vour heart be also.’’ 


THE MORAL RESPONSIBILITY TO BE INTELLIGIBLE 

Clinical research is predicated upon the belief that its significant results 
should be communicated and used by others. How miserably this is ae- 
complished is any contemporary editor’s tale of woe and any thoughtful read- 
er’s sorrow. The pseudo prestige of long and difficult words transcends the 
useful scientific term and diffuses widely through our papers. Simple things 
are made complicated, and the complex is made incomprehensible. Chaos 
reigns. The so-called medical literature is stuffed to bursting with junk, writ- 
ten in a hopseoteh style characterized by a Brownian movement of uncon- 
trolled parts of speech which seethe in restless unintelligibility. Every day 
we realize that the iron curtain which disbars us from sampling in adjacent 
fields of science is not so much the erudition of our colleagues as the tropical 
jungles of verbiage and gobbledegook in which this erudition lurks, unob- 
served save by the initiated. Has this unfortunate situation any corrective? 
If some small fraction of the time and effort which goes into the techniques 
of research were spent on study and perfection of the simple techniques of 
writing and speaking clearly, paths could be made in the jungle. Those who 
start late must read and study good models of exposition. Learn the simple 
rules: write, rewrite, delete, polish. For sage advice, Allbutt’s ‘‘ Notes on the 
Composition of Scientific Papers’’ has lost none of its cogency, and elegantly 
combines precept with example. For a contemporary view Gower’s “‘ Plain 
Words’ is equally good. With such guides our scientific writing must im- 
prove. Correct grammar, thoughtfully combined with rhetoric, might lead 
through grace to that elusive quality style and make a worthy medium for 
telling of significant work. 


THE MORAL RESPONSIBILITY FOR HIGH STANDARDS 
Clinical investigators have a moral obligation to set standards of ex- 
cellence, for who is to provide the profession with direction and tone unless 
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it be elinieal investigators and teachers? Lest I try your patience with 
further diatribes sounding my philippie against moral laxity, | will simply list 
a few more present-day problems. If you ponder them and are content with 
What vou find, my message falls on the stony ground of callousness or in the 
fetid swamp of indifference. First there is the responsibility to be critical, 
for without objective and wise eriticism we are all misled by first looks and 
superficial appearances. And we must impart such a philosophy to our students. 
We must be critical on the subjeet of the normal with its multiple and sometimes 
mystic meanings, the control, elusive figment on whose shifting quicksands we 
try to erect our scientific temples of reason, and multiple causes a complex and 
relentless goddess we have forsaken in a riot of oversimplifieation in seareh of 
a defunet monism—the simple efficient cause. Lack of precision in teehniques 
of communication aggravates the diffieulty and gets seant antidote in measuring 
the readily measured, with ease of measuring the only and inconsequential in- 
centive. Statistics when used to conceal poor planning or to warp data into 
preconceived patterns may be a seductive danger rather than a ready help. We 
must manage our manipulations of data or be led about willy-nilly by the nose. 
We must know the medical history of disease. Santyana said that those who 
are ignorant of history are doomed to repeat it. What needless waste of time 
might have been saved had the starry-eved and naive repeater of old experiment 
done enough searching to know his subject. We must know the natural history 
of health and of disease, for how are we to separate the changing facets of ex- 
istence unless we have clear eves and cool judgment to discern ill from well? 
Ifow many times do we see false cures praised when natural responses deserve 
the only credit, spurious ¢laims which would be avoided if the observer had 
knowledge born of experience? In the nature of things the beginning in- 
vestigator gains something by youth, inexperience, and even ignorance of all 
that vast sea of errors which marks the slow and painfully charted course of 
progress. The senior investigator, however, must be the helmsman who keeps 
speed moderated and a sharp lookout while the new charting goes on. 

Now I recapitulate and have done. Morality is keystone in the arch of 
medicine, supported by and joining the pillar of art and the pillar of science. 
In clinical research we must do experiments on our fellow man, but they are 
justifiable only with freely granted permission, and we must forego them when 
they conflict with the interests and rights of our patients. We must foster 
the rising generation of our successors, and return the rights and duties of 
medical education to the universities, diminishing the power of boards and 
the seduction of advertising as determinants of graduate training. We must 
fulfill our obligations as teachers as well as investigators. No longer can we 
shun our responsibility to be intelligible. And the duty of each of us includes 
the need to sustain high standards of excellence by exercising with what 
courage we may the unpleasant and hard task of criticism. Only when hu- 
manity regulates research, when originality is not constricted by arid con- 
formity, when duty clearly seen is cleanly met, can we hope to live up to the 
simple but wonderful purpose of our society—‘‘The cultivation of clinical re- 
search and the development of the younger men.’’ 





BLOOD PRESSURE IN THE AORTA DURING RESECTION, AND 
REPAIR OF COARCTATION OF THE AORTA®* 
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INCE surgical resection and repair of coarctation of the aorta, an operation 

involving considerable technieal risk, has been done for only a relatively 
few years, it is impossible to be certain how the procedure will affect the prog- 
nosis of the disease. For this reason, numerous physiologic tests have been per- 
formed on patients preoperatively and postoperatively. Brown and co-workers 
and Bing and his colleagues? have reported studies of intra-arterial pressure in 
the arm and leg before and after operation. Since the studies by Brown and 
co-workers® did not always show the expected lowering of blood pressure, par- 
ticularly in the subelavian type of anastomosis, we decided to study the im- 
mediate effects produced during the operation by a more or less complete re- 
moval of the aortic stricture. It was thought that a study of the pressure 
changes and circulatory dynamics in the aorta associated with this sudden 
change might shed some light on the disturbed pressures and circulatory dy- 


namies associated with this condition. 


MATERIALS AND METILODS 


The mobile oscillographic cameraf developed by Hallenbeck and associates® was 
used to record multiple physiologic variables during nine operations for surgical repair of 
coarctation of the aorta in man. Simultaneous recordings were obtained of the electro 
cardiogram, respiration, heart rate, and direet blood pressure in the radial artery. By 
use of the technic described by Taylor and his colleagues,!7 it was possible to record the 
blood pressure directly through a 25-gauge needle introduced into the aorta above and 
then below the stricture before and after resection and end-to-end anastomosis of the aorta. 

The strain-gauget manometer systems!5,15 used were damped both mechanically by 
using small-bore needles and by electromagnetic damping of the Heiland type A galva 
nometer} after the manner described by Lambert and co-workers.13-15 The dynamic re 
sponses of the complete strain-gauge manometer systems used were determined Dy means 
of a pressure oscillator?2, 14,20 of variable frequency and by recording the responses re 
sulting from a square-wave change in pressure in the manner described by Lambert and 
Jones.14 Fig. 1 illustrates the step response produced by subjecting the manometric SVs 


tem used for recording intra-aortic pressure to a square-wave pressure change. Fig, 2 

From the Mayo Foundation, University of Minnesota, and Mavo Clinic. 

Received for publication, Aug. 17, 1951. 

*Abridgment of thesis submitted by Dr. Fuller to the Faculty of the Graduate School 
of the University of Minnesota in partial fulfillment of the requirements for the degree of 
Master of Science in Surgery. 

**Fellow in Surgery. 

***Fellow in Medicine. 

$Division of Surgery. 

Section of Physiology. 

‘Built by Waters Conley Co., Rochester, Minn. 

+Manufactured by the Statham Laboratories, Beverly Hills, Calif. 

tManufactured by the Heiland Research Corporation, Denver, Colo. 


10 









































BLOOD PRESSURE IN AORTA DURING RESECTION 1] 


TABLE I. AVERAGE OF DYNAMIC RESPONSE CHARACTERISTICS OF MANOMETRIC SYSTEMS USED 
FOR RECORDING INTRA-AORTIC AND INTRARADIAL ARTERIAL PRESSURES 


RESPONSE TO SINE-WAVE 


PRESSURE CHANGES OF RESPONSE TO SQUARE-WAVE 
VARIABLE FREQUENCY PRESSURE CHANGE 
STATIC DEFLECTION AT DESIG RESONANT 


NATED FREQUENCIES IN CYCLES 














FREQUENCY DEFLECTION DAMP 
MANOMETRI( PER SECOND (PER CENT) (CYCLES PER TIME ING4, 11, 2: 

SYSTEM 10 15 20 25 30 SECOND) (SECONDS ) COEFFICIENT 

Aortie 106 107 LOS 103 Q5 29 0.02 0.62 

Radial 105 106 109 109 102 35 0.02 0.61 

10 SECOND 
Ps. 6% sh Sk 

Fig. 1.—Step response (square wave) of manometric system similar to that used for 
recording pressures in the aorta. The Statham strain-gauge manometer model P6-15D-250 was 


connected directly to a curved 24-gauge needle 45 mm. long. A Heiland type A galvanometer 
Was used with a total external damping resistance of 108 ohms. Calculated from the figure: 
deflection time, 0.02 second; resonant frequency, 30 cycles per second; damping coefficient, 
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Fig. 2 Variation in response of manometric system to equal-amplitude sine-wave pres- 
as sure variations of increasing frequency. Pressure variations were produced by a mechanical 
is hydraulic oscillator.) “2 The manometric system is described in the legend for Fig. 1. 

id 

. portrays the response of this manometer system when subjected to sine-wave pressure 

2 changes of variable frequency produced by the pressure oscillator, Table I gives the 
average of the dynamic responses obtained from the manometric systems used for re 
cording the pressures in the aorta and in the radial artery. The dynamic sensitivities 

01 of the aortic and radial manometric svstems were within + 9 per cent of static sensitivity 

of 


up to 380 eveles per second with diminishing sensitivity thereafter. The time delay of 
these manometer systems to an applied square-wave pressure variation was 0.005 second. 
The time delay of the electrocardiographic recording assembly was not measurable at the 


chart speed of 25 mm. per second used in these studies. It is believed that manometer 





systems with these characteristics are adequate for reasonably accurate reeording of. ar- 


terial pressure pulses.5, 20, 21 
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in this study 


and one-half vears, but varied from five months to seventeen years, 


were 





Blood pressures were measured from the records according to the usual technique for 


taken as the highest 


lowest point just pre 


ceding the systolic upswing. The mean pressures were calculated by planimetric integra 
the continuous pressure recordings 


were measured for at least a five-second period and the average pressures for the period 


was 26 vears, with a 


range of 11 to 38 vears (Table IT). The known duration of hypertension averaged six 


No evidence of renal 


abnormality was noted in any of these cases. Fundusecopic examination revealed some 


was made, There was 
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Fig. 3.—Direct blood pressure in the right radial artery and in the aorta during surgical 
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RESULTS 

Simultaneous recordings of the electrocardiogram and of arterial pressure 
in the arch of the aorta and the radial artery (Tables IIL and IV, Fig. 3) indi- 
cate that the onset of the aotic pressure pulse proximal to the coarctation be- 
fore repair, occurred 0.10 (range 0.08 to 0.12) second after the onset of the 
R wave of the electrocardiogram. This time interval includes the greater in- 
strumental time delay (0.005 second) of the aortic manometer assembly. There- 
fore, the actual time interval from onset of the R wave to the onset of the 
pressure increase in the aorta would be approximately 95 milliseconds. The 
onset of the right radial pulse, before repair of the coarctation, occurred 0.07 
(range 0.05 to 0.09) second after the onset of the pulse in the proximal aorta. 
The average systolic pressure in the arch of the aorta during repair but before 
resection was 156 (range 125 to 204) mm. of mercury. However, for the same 
heartbeat the systolic pressure in the radial artery exceeded that in the proximal 
aorta on the average by 14 (range 2 to 40) mm. of mereury., Likewise, the 
radial pulse pressure exeeeded that in the proximal aorta by 20 (range 6 to 
43) mm. of mereury. As would be expected, the diastolic and mean pressures 
in the radial artery averaged less than the pressure in the aorta. The differences 
were 6 (range 3 to 10) and 7 (range 5 to 10) mm. of mercury, respectively. 

Simultaneous recordings of the pressure in the radial artery and in the 
aorta just distal to the site of the coarctation, made during repair but before 
resection (Tables III and IV, Fig. 3), indicate that in seven cases the onset of 
the radial pulse actually preceded the onset of the pulse in this seetion of the 
aorta by 0.02 (range 0.01 to 0.04) second. The systolic, diastolic, pulse and 
mean pressures in the radial artery exceeded the corresponding pressures for 
the same heartbeats in the distal aorta on the average by 76 + 9*, 12 + 2, 66 
+ 8 and 31 + 4 mm. of mercury, respectively. 

A comparison of the ratios of the pressures in the proximal aorta and in 
the distal aorta to the pressure in the radial artery was made during repair of 
the coarctation but before resection (Table V). The ratio of the proximal aortic 
to the radial syvstoli¢ pressure was 0.92 + 0.02 as compared to 0.55 + 0.06 for 
the distal aorta. The ratio for mean pressures was 1.06 + 0.02 for the proximal 
aorta and 0.74 + 0.06 for the distal aorta. The pulse pressure ratios showed the 
greatest differences, the average ratio of the proximal aortie to the radial pulse 
pressure being 0.75 + 0.13 as compared to 0.12 + 0.03 for the aorta just distal 
to the site of coarctation. 

Occlusion of the aorta at the site of the coarctation in four eases (Figs. 4 
and 5) was without apparent effect on the radial arterial pressure or on the 
aortic pressure above or below the stricture site. It is concluded that the volume 
of blood flowing through the coaretation was not sufficient to contribute sig- 
nificantly to the maintenance of blood pressure in the distal aorta. 

Occlusion of the left subelavian artery in the chest in four eases (Figs. 4 
and 5), however, produced an immediate increase of the systolic and pulse 


pressures in the radial artery and proximal aorta averaging 17 mm. of mereury 


*The numbers following the + 





signs are the standard errors of the mean. 
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and ranging from 3 to 36 mm. of mercury, and a small increase in the mean and 


diastolic pressures. There was an immediate decrease in the systolic, diastolic, 


pulse and mean pressures in the distal aorta averaging 5 mm. of mercury and 
ranging from 1 to 10 mm. 

It is concluded that the root of the left subclavian artery carried a large 
portion of the blood destined to flow through the collateral circulation around 
the site of the coarctation. 

After resection of the coarctation gradual opening of the completed end- 


to-end anastomosis of the aorta over a period of 31 (range 16 to 67) seconds in 


)y) 


eight cases produced a decrease in systolic pressure in the radial artery of 22 
(range 17 to 27) mm. of mercury, and an average decrease of 8 and of 11 mm. 


in the radial diastolic and mean pressures, respectively. 
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Fig. 4.—Effect of occluding the site of the stricture and the left subclavian artery on 
the blood pressure in the right radial artery and in the aorta provimal to the stricture during 
repair of coarctation of the aorta but before resection of the stricture. Occlusion of the site 
of the coarctation produced no apparent change in these pressures. Occlusion of the left 
subclavian artery produced an immediate increase in the systolic, diastolic pulse and mean 
pressure in the right radial artery of 16, 3, 13 and 4 mm. of mercury, respectively, and in the 
proximal aorta of 16, 4, 12 and 7 mm. of mercury respectively. The sudden transient changes 
in heart rate are artefacts associated with the surgical manipulation. 

A comparison of the radial, proximal aortic, and distal aortie pressures 
and pulse conduction times recorded before and after completion of the anasto- 
mosis was made (Tables III and VI, Fig. 3). Owing to large variations in ar- 
terial pressure occurring throughout the course of the operation, caused by 
factors encountered in any major surgical procedure, the differences in radial 
and proximal aortic pressures recorded before and after completion of the 
anastomosis were not consistent (Table VI). The pressure in the aorta distal 
to the site of the coarctation, however, was, with one exception, increased after 
completion of the anastomosis. The average increases in systolic, diastolic, pulse 
and mean pressures were 34, 13, 22, and 25 mm. of mercury, respectively 
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(Table VI). In spite of the large nonspecific variations in the arterial pressure 
above the coarctation, the ratios of the distal aortic systolic, pulse or mean 
pressure to the respective radial artery pressures were increased in every in- 
stance (Table VII). The increase in the ratio of the distal aortic pulse pressure 
to the radial pulse pressure was the most striking, averaging 308 (155 to 570) 
per cent. The onset of the aortic pulse wave distal to the site of the eoaretation, 
which initially occurred 0.02 second after the onset of the radial pulse, occurred 
0.05 (range 0.04 to 0.07) second before the radial pulse when the anastomosis 
had been completed (Table III). The time interval from onset to peak (build- 
up time) of the distal aortic salen was decreased from 0.18 (range 0.14 to 0.23) 

to 0.14 (range 0.11 to 0.19) second by completion of the anastomosis (Table IIL). 
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Fig. 5.—Effect of occluding the site of stricture and the left subclavian artery on the 
blood pressure in the right radial artery and in the aorta distal to the stricture during repair 
of coarctation of the aorta but beforé resection of the stricture. Occlusion of the site of the 
coarctation produced no apparent change in these pressures. Occlusion of the left subclavian 
artery produced an immediate increase in the systolic and pulse pressure of the right radial 
artery of 17 mm. of mercury and an immediate decrease in the systolic and mean pressures 
in the distal aorta of 6 mm. of mercury. The sudden transient changes in heart rate are 
artefacts associated with the surgical manipulation. 


pase 


Direct studies of radial and femoral arterial pressures were carried out on 
these patients before and approximately two weeks after the surgical repair of 
the coarctation. A comparison of the preoperative and postoperative results 
(Tables VIII and IX) indicates that the average radial systolic pressure was re- 
duced from the preoperative level of 197 (range 150 to 235) to 162 (range 127 
to 193) mm. of mereury after operation (Table VIII). The femoral systolie 
pressure, on the other hand, was inereased from 112 (range 91 to 135) to 149 
(range 108 to 168) mm. of mereury after the operation (Table VIII). The 
‘aleulated ratio of the femoral arterial pressure to the radial arterial pressure 
was increased in every instance. The mean increases in the systolic, pulse and 
mean pressure ratios approximately two weeks after the operation were 60, 210, 
and 35 per cent, respectively. The delay in onset of the femoral pulse was 
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TABLE IX. EFFECT OF REPAIR OF COARCTATION OF THE AORTA ON THE CONDUCTION TIME OF 
THE PULSE WAVE IN THE RADIAL AND FEMORAL ARTERIES 


SECONDS FROM ONSET OF FEMORAL PULSE 
TO ONSET OF RADIAL PULSE 


BUILD-UP TIME OF FEMORAL PULSE 
WAVE, SECONDS 


BEFORE AFTER BEFORE AFTER 

PATIENT REPAIR REPAIR DIFFERENCI REPAIR REPAIR DIFFERENCI 

3 0.03 | 0.01 0.02 | 0,24 | 0.16 | 0.08 

4 0.04 | 0 0.04 0.19 | 0.13 | 0.06 

5 0.04 0.01 0.038 0.21 0.17 0.04 

6 0.08 0) 0.05 0.24 0.138 0.1] 

S 0.04 0 0.04 0.21 0.18 0.03 

9 0.05 0.0] 0.06 0.22 O.1S 0.04 
Average 0.04 0 0.04 0.22 0.16 0.06 


abolished after the operation and the build-up time of the femoral pulse was 
decreased in every instance, the average being from 0.22 (range 0.19 to 0.24) 
before operation to 0.16 (range 0.13 to 0.18) second postoperatively (Table IX). 

In this series of cases, although the changes were in the same direction, a 
significant correlation could not be established between the degree of improve- 
ment in the circulatory dynamics in the distal aorta produced during the opera- 
tion and the degree of improvement in circulatory dynamies found in the 


femoral artery two weeks after the operation had been completed. 
COMMENT 


The finding that the systolic and pulse pressures in the radial artery ex- 
ceeded by 2 to 48 mm. of mercury the pressures generated by the same heart- 
beat in the proximal aorta is of interest. Actually, the mean gradient of 
pressure in these patients causing blood flow from the aorta to the radial artery 
was 7 (range 5 to 10) mm. of mercury. The temporary reversal of this gradient 
at systolic peak pressures has been explained as resulting from the conversion 
of the kinetic energy of flow to potential energy of pressure as the blood en- 
counters increasing resistance to flow peripherally. Also, the presence ot 
standing pressure waves in the arteries associated with the resonant character- 
istics of the arterial system may play a role in this phenomenon.'” 

The decrease in pressure in the proximal aorta which was observed as the 
completed anastomosis was slowly opened is of importance from the surgical 
point of view. Gross,° attributing the death of his first patient to a precipitous 
drop in blood pressure associated with opening the anastomosis, recommends 
that the completed anastomosis be opened gradually over a period of five to 
six minutes while the patient is placed in the Trendelenburge position and blood 
is transfused rapidly under pressure. In addition to this, Adams and e¢o- 
workers! occluded the subclavian artery temporarily while the anastomosis was 
being opened. Certainly the average drop of 22 mm. of mercury in the systolic 
pressure and 11 mm. in the mean pressure noted in our 8 cases would not be 
considered alarming in spite of the fact that the average time spent opening the 
anastomosis was only thirty-one seconds. Other than occasionally speeding up 
the rate of the infusion, no special precautions were taken in these cases to main- 
tain blood pressure. 




















DURING RESECTION 





BLOOD PRESSURE IN AORTA 

Although there was an opening through the coaretation which in the re- 
sected specimen was about 1 mm. in diameter in each of the cases studied, the 
blood flow through this opening was, for practical purposes, negligible, since 
ocelusion of the lumen produced no significant change in the pressure levels or 
in the ratios of the pressures above and below the stricture. Porjé'® and Gupta 
and Wiggers* stated that the damping of the pressure pulse wave takes place 
when it passes through the stricture. Actually, it appears that the flow through 
the stricture does not contribute significantly to the pulse wave in the lower 
portion of the body and that this damping takes place when this pulse wave 
travels through the tortuous course of the collateral vessels. 

In this regard it is to be noted that the applicability of results of hemo- 
dynamie studies in acutely produced coarctation to congenital coarctation can 
he questioned. In studies of acute coarctation the area of the aortic lumen may 
he reduced about 55 to 80 per cent to produce comparable changes in the femoral 
pulse contour and pressures* and there is little time for development of col- 
lateral circulation. In the usual clinical case, however, there is practically com- 
plete absence of the aortic lumen at the stricture and such extensive collateral 
circulation that reduction in blood flow to the lower part of the body is usually 
not demonstrable.'* 

In contrast to the lack of effeet produced by occluding the site of the coare- 
tation, occlusion of the left subclavian artery produeed a fall in pressure in the 
distal aorta in spite of the fact that this maneuver caused an elevation in the 
arterial pressure proximal to the coarctation. These results indicate that there 
was a large blood flow through the left subclavian artery and that it was one of 
the major sources for the collateral flow around the coarctation. The advisa- 





bilitv of using the subelavian artery to bridge the site of the aortie stricture 
is questionable since when this is done, the function that this vessel is already 
performing in conveying blood to the lower half of the body is saerificed. This 
funetion was not present in the studies of acute coarctation in dogs reported 
by Gupta,’ since a high degree of collateral circulation is not developed in this 
type of experimental coarctation. The possible beneficial effects of the sub- 
¢lavian type of anastomosis in clinical coarctation are for this reason almost 
certainly less* ° than those reported in acutely produced coarctation.’ 

The results obtained in this study do not provide an answer to the im- 
portant question concerning the exact nature of the hypertension in coarctation 
of the aorta. However, since opening of the completed anastomosis produced an 
immediate improvement in the circulatory dynamics (both the blood pressures 
above and below the stricture and the conduction time of the pulse wave), cer- 
tainly mechanical hydrodynamie factors play an important role in the genesis 
of the hypertension which exists in this condition. 

SUMMARY AND CONCLUSIONS 

During nine operations for surgical repair of coarctation of the aorta in 
| man, a mobile oscillographie camera was used to make simultaneous recordings 
of the electrocardiogram, respiration, heart rate, and direct blood pressure in 
the radial artery and in the aorta above and then below the site of stricture be- 
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fore and after resection and end-to-end anastomosis of the aorta. These studies 
indicated that (1) the average systolic and pulse pressures in the radial artery 
exceeded the simultaneously recorded pressures in the proximal aorta, while 
the radial diastolic and mean pressures averaged less than the pressures for 
the same heartbeat in the aorta proximal to the stricture; (2) systolic, diastolic, 
pulse and mean pressures in the aorta distal to the stricture averaged 41 mm. of 
mereury less than the simultaneously recorded radial arterial pressures; (3) 
occlusion of the site of the coarctation produced no change of pressure in the 
proximal or distal aorta; (4) occlusion of the left subclavian arvery, however, 
produced an increase in proximal aortic pressure and, in spite of the increased 
central arterial pressure, a decrease in distal aortie pressure; and (5) opening 
the anastomosis produced an immediate decrease in proximal aortic pressure 
and an increase in distal aortic pressure. Thus it is evident that the mechanical 
factor of the stricture in coarctation of the aorta plays an important role in the 
genesis of the hypertension which exists in this condition 

Direct studies of radial and femoral arterial pressure carried out before 
and after operation on these patients likewise showed a change toward the 
normal state. 
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A STUDY OF SERUM ELECTROLYTES (Na, K, Ca, P) IN PATIENTS 
WITH SEVERELY DECOMPENSATED PORTAL CIRRHOSIS 
OF THE LIVER 
Doxatp S. Amatuzio, M.D., FrRaxcis StutzMAN, M.D., NorRMAN Surierer, M.D., 
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T HAD been previously noted by Eisenmenger and associates! that hypona- 
| tremia occurred in patients with cirrhosis of the liver. Studies of other 
serum electrolytes thus far have not been available. We were particularly in- 
terested in studying those electrolytes which are related to intermediary earbo- 
hvdrate metabolism. 

MATERIAL AND METHODS 


Fourteen healthy subjects, the control series, and fifteen chronic alcoholic patients 
with portal cirrhosis were studied. The diagnosis in the latter group was confirmed by 
autopsy in five instances, and by liver biopsy in two. All patients were severely decom 
pensated, presenting the picture of impending hepatic coma with dependent edema, ascites, 
and jaundice. Oliguria was present in eleven patients. Fever, leukocytosis, and mental 
confusion were common. Nine of the fifteen were disoriented, Neurologic findings included 
hyporeflexia (4), rigidity (2), positive Babinski response (8), and feeal and urinary in 
continenee (15). In each instance there was marked abnormality of all of the usual liver 
function tests, including the fractional serum bilirubin, cephalin cholesterol flocculation, 
thymol turbidity, zine sulfate turbidity, alkaline phosphatase, total cholesterol with esters, 
plasma protein value including albumin-globulin ratio, twenty-four hour urine urobilinogen, 
and the prothrombin time. 

Values of serum sodium and potassium were determined by means of the flame 
photometer; lithium was used as an internal standard. The determination of the serum 
calcium was done according to the method of Clark and Collip? and the inorganie phos 
phorus by the method of Fiske and Subbarow.8 The pyruvie acid in the blood was 
analyzed by means of the Lu method4 as modified by Friedmann and Haugen.5 Initial 
blood samples were obtained within twenty-four hours of the patient’s admission to the 
hospital, 

RESULTS 

The serum electrolyte values in the control series are in agrement with the values 
previously repirted in the literature (Table IT) 

In each patient with decompensated cirrhosis the initial values of all electrolytes 
studied were low, the differences being statistically significant (Table II1). The mean serum 
sodium was 133.02 + 5.14 meq. per liter. The serum potassium was 3.01 + 0.56 meq. per liter. 
There were associated electrocardiographic abnormalities characteristic of hypopotassemia. 
The serum caleium was 4.21 + 0.37 meq. per liter. The serum inorganic phosphorus was 
1.21 + 0.46 meq. per liter. The blood pyruvie acid was elevated in each instance, the mean 


value being 1.72 + 0.85 mg. per cent, which is in agreement with a previous report® (Table I). 
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STUDY OF SERUM ELECTROLYTES 


TABLE I. DECOMPENSATED CIRRHOSIS 


PYRUVIC ACID NA K CA P 

PATIENT (MG. %) (MEQ./L. ) (MEQ./L. ) (MEQ./L.) (MEQ./L. ) 
E. M. Le 133.00 3.46 $21 La 

hk. C, 1.9] 130.40 3.30 

S. H. 1.34 127.40 3.60 

is aa 1.69 139.00 2.93 3.60 0.61 

Bs “in 1.62 125.20 2.80 3.85 0.72 
R.K. 1.42 142.20 3.26 

i. ih. 1.51 141.30 2.60 1.44 
C.3. 1.76 135.70 2.05 £.05 0.92 

BR 1.48 133.90 2.36 

Sa OF 1.36 129,00 3.60 4 2() 1.06 

A. W. 1.99 128.70 2.58 $.15 1.22 

ae 1.82 133.90 2.36 $.29 2.26 

M. C. 129.60 3.81 $.68 1.40 

Kk. M. 2.01 1538.00 3.46 1.21 ba 

Ba fp 2.66 £.90 1.51 

X 2 0.35 133.02 2 5.04 3.01 + 0.56 Pot = 0.37 1.21 + 0.46 


DISCUSSION 

In addition to the dietary management,* an attempt was made to correct 
the serum electrolytes by means of intravenous sodium chloride and/or potassium 
chloride. The low serum values of these ions had been noted before the institu- 
tion of therapy. A rapid ¢linical improvement was apparent as soon as the 
dietary intake was adequate. The correction of these ions, either by dietary 
or parenteral Means, Is necessary for recovery and proper therapeutic manage- 
ment. None of these patients went into anticipated hepatic coma, but all showed 
improvement so that thirteen were able to be discharged. Five have subse- 
quently died of other complications, including massive hemorrhage from a rup- 
tured esophageal varix (3) and cerebrovascular hemorrhage (2). 

The explanation of the low values of these serum electrolytes is not definitely 
known. In none of these patients had there been loss of ascitic fluid by ab- 
dominal paracentesis. Correction of the serum sodium and potassium to normal 
values was not possible in some patients. In two patients the amount of sodium 
ind potassium administered was almost entirely excreted in the urine without 
ny effect on the serum values. A disturbed renal control of electrolytes as does 
«cur in primary nonrenal disease may be an explanation; this has been noted 
n tuberculous meningitis,’ pneumonia, peritonitis,s and pulmonary tubereu- 


ISIS.” 
TABLE IT, STATISTICAL ANALYSIS OF BLOOD VALUES IN DECOMPENSATED CIRRHOSIS 


| DECOMPENSATED 


LECTROLYTE AND } CONTROL CIRRHOSIS 
ORGANIC ACID NO. | (MEQ./L. ) | NO. (MEQ./L. ) t Pp 
dium 10 144.55 + 5.44 14 133.02 + 5.14 2.43 <0.05 
itassium 1] 5.16 + 0.67 14 3.01 + 0.56 5.04 <0.01 
lclum 13 5.03 + 0.26 10 4.21 + 0.37 6.26 <0.01 
osphorus 11 2.45 + 0.36 1] 1.21 + 0.46 7.19 <0.01 
. ; (mg. %) (mg. %) 
ruvie ae 4 > 797 oF }. 
uvie aeid 14 1.06+0.16 14 1.72 +0.35 6.40 <0.01 


*The approximate amounts of the ions in the diets were calcium 1.9 to 2.0 Gm., potassium 
to 7.0 Gm., and phosphorus 2.5 to 3.0 Gm. per twenty-four hours. 
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These patients had all been subject to inadequate nutritional intake for 
periods of from four to six months. It is possible that this may in part account 
for the low values of serum sodium and potassium. The normal adult daily 
ingests and exeretes from 3 to 4 Gm. of potassium (75 to 100 meq.) 1°"! Fasting 
adults receiving water may exerete from 1 to 8 Gm, (25 to 75 meq.) of potassium 
daily’? '®) The daily loss of potassium of individuals on a diet  calorically 
adequate but practically free of potassium is of the same order of about 2 Gm, 
(49 to 53 meq. )."* 

An inadequate diet may also be a factor in producing low values of serum 
phosphorus and ealeium. The normal daily intake and excretion of phosphorus 
is from 0.6 to 2.8 Gm. (20 to 90 meq.). Fasting adults receiving water con- 
tinued a daily urinary loss of from 0.58 to 1.27 Gm. (20 to 40 meq.) of 
phosphorus."! 

The hypoecaleemia and hypophosphatemia may also be related to steatorrhea. 
(iross and associates'® '® found the feeal fat to be increased from two- to three- 
fold in patients with cirrhosis. In steatorrhea the serum phosphorus and ealeium 
have been found to be low due to the formation of SOaPS, increased castroin- 
testinal motility, and decreased gastric acidity.'” '> There also was noted a 
normal exeretion of phosphorus in the urine in spite of the low serum phos- 


phorus in chronic steatorrhea. 
SUMMARY 


Serum electrolytes (Na, K, Ca, P) have been studied in fifteen alcoholic 
patients with severely decompensated portal cirrhosis who presented the picture 
of impending hepatic coma. All electrolytes were found to be abnormally low 
in each instance before treatment. 

The present study indicates that the low serum electrolytes are primarily 
related to a dietary deficiency. Other mechanisms, such as a disturbed renal 
control of electrolytes and steatorrhea, should also be considered. 

Correction of this electrolyte depletion, as of other deficiencies, is of im- 


portance in the proper treatment of these cases. 
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ESTIMATION OF ASCITIC FLUID VOLUMES 


‘ 
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URING investigations on body water distribution in cases of cirrhosis with 

ascites, it was necessary to know the volume of ascitic fluid present. Ascitie 
fluid volumes can be estimated directly by paracentesis or indirectly by deter- 
mining the extent of dilution of a solute injected intraperitoneally. Vital red,’ 
Evans blue, ? and subtosan (polyvinyl-pyrrolidone*) have been used to measure 
ascitic fluid volumes by the indirect method. In only one paper were ascitic 
fluid volumes estimated by the simultaneous injection of more than one solute.! 

Since ascitic fluid is not a stagnant pool, but is in’ relative dynamic 
equilibrium with plasma water,’ the rate of disappearance or clearance of 
any solute from the peritoneal cavity will be a function of many factors. If 
the decrement in concentration in relation to time is linear, one may then assume 
that the substance disappears at a rate proportional to its concentration, Extra- 
polation back to ‘*zero time’? will then vield the concentration occurring at 
instantaneous equilibration prior to loss from any route. The volume of distri- 
bution of a solute in aseitie fluid may then be computed as follows: 


Ascitice fluid amount of material injected (mg.) 
volume (ml. ) concentration at instantaneous equilibration 
of solute in aseitie fluid (meg./ml. ) 


This study was undertaken to measure ascitic fluid volumes by the indirect 
dilution method employing various solutes. In addition, the investigation was 
designed to evaluate the completeness of removal of fluid by paracentesis pro- 
cedures. 

METHODS 


The following solutes were used: (1) bromsulfalein (BSP) was chosen because it 
was readily available and easily measured. Five milliliters (250 mg.) were injected intra 
peritoneally at a slow rate with the needle well within the peritoneal cavity to avoid irrita 
tion by the solute. Determinations of BSP in ascitic fluid samples were made with the 
Coleman spectrophotometer by the method of Gaebler.6 (2) Radioactive iodo-albumit 
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solution containing 1131 and 5 mg. of protein per milliliter at a pH of 6.0 Tonic 1151 activity was 
less than 1 per cent. Approximately 25 we diluted to 20 ml. with 0.9 per cent sodium 
chloride solution were injected. Determination of activity in samples were made with GM 
mica window tube, Model D-52.) (3) Para aminohippurate (PAH). Twenty milliliters of 
a 9 per cent solution were injected. PAH was determined by the method described by 
Goldring and Chasis.7 All determinations were run in duplicate. Ascitie fluid blank specimens 
were run in all cases. 

The patients studied had the classical manifestations of Laennee’s cirrhosis with the 
exception of one patient with chronic cardiac failure. The patients selected either had not 
had a previous abdominal paracentesis or had not had one performed in the previous four 


“weeks. Tests were repeated on three patients, 
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Fig. 1.—Time requirements for equilibration of BSP in ascitic fluid. The logarithm of 
he BSP concentration is plotted against time, following the intraperitoneal injection of 
O mg. at O time. Regression lines on five patients are shown. The sixty-minute sample 
Viated markedly from the regression, indicating inadequate mixing. 


A sample of ascitic fluid, approximately equal in quantity to the volume to be injected, 
is withdrawn through a 20-gauge needle. The test materials were then injected through 
e same needle. After injection, the needle was with drawn, the abdomen ballotted, and the 
itient’s position shifted frequently over a fifteen-minute period. A 17-gauge needle was 
en inserted intraperitoneally in an ares 15 to 25 cm. away from the site of the previous 
jection, and a fine nylon catheters was threaded through the needle into the peritoneal cavity. 
ie 17-gauge needle was then removed and the nylon catheter taped to the abdominal wall. 
24-gauge hypodermie needle was inserted into the end of the catheter and ascitic fluid 
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samples were periodically withdrawn by a syringe. During the intervals between the drawing 
of samples, a Luer-Lok glass adapter sealed by a serum cap was fitted to the needle hub 
and filled with a heparin-saline solution. 

Paracenteses were performed in the routine manner by the insertion of a trocar through 
the linea alba midway between the pubis and umbilicus, with the patient in the sitting 
position. Manual compression of the abdomen and changes in the patient’s position were 


effected to assist complete collection of ascitic fluid. In an occasional patient where incom 


plete drainage was suspected, the trocar was reinserted lateral to the midline. 


RESULTS 


No toxie reactions were noted following the intraperitoneal injeetion ot 
BSP. Fig. 1 illustrates the rates of diffusion of BSP from ascitic fluid in a 
series of five patients. Approximately two hours were required for equilibration 
of BSP in the peritoneal fluid. Although only the two- and four-hour ascitic 
fluid concentrations are plotted in Fig. 1, the logarithms of serial BSP concen- 
trations up to twenty-four hours following injection were all a linear function 
of time. Exemplary time-concentration regressions in ascitic fluid with the 
simultaneous use of PAH, BSP, and radioactive albumin in two patients are 
presented in Fig. 2. Extrapolation of these lines back to zero time vield the 
theoretic concentration at instantaneous equilibration. Dividing the amount 
of the solute injected by the aseitie fluid concentration at zero time, one obtains 
the volume of distribution of the particular solute used. Data on ascitic fluid 
volumes in a series of five patients as determined by the simultaneous use ot 
BSP, radioactive albumin, and PAIL are presented in Table I. It can be seen 
that the BSP and radioactive albumin volume agreed closely in four of the five 
patients. The PAH volumes were definitely higher than BSP volumes in three 
of five patients, and agreed with radioactive albumin in four of five patients. 
Following the indirect measurement of ascitic fluid volume in five patients, a 
paracentesis was performed to obtain a direct measure of the ascitie fluid volume. 
From Table II, it ean be seen that the two volumes, the indirect aseitie fluid 
volume and that obtained by direct paracentesis, compare favorably with a mean 
difference of 440 milliliters. 

DISCUSSION 


In the measurement of body water partition in patients with cirrhosis and 


ascites, it is of importance to know the volume of ascitic fluid present. The data 


TABLE I. COMPARATIVE ASCITIC FLUID VOLUMES AS DETERMINED BY THE VOLUMES OF 
DISTRIBUTION BSP, RADIOACTIVE ALBUMIN, AND PAH 


VOLUME OF ASCITIC FLUID DIFFERENCE BETWEEN “BSP 
( LITERS ) AND PAH VOLUMES 
RADIOACTIVE I-Il 
PATIENT | BSP (I) ALBUMIN PAH (II) (LITERS ) PER CENT* 
l. Ga., II 3.27 5.31 5.43 0.16 | 3.0 
2. Su., IT 11.30 13.48 13.35 2.05 18.2 
3. Rot. 7.90 7.92 8.06 —0.16 2.0 
4. Roe. 7.07 8.3 8.96 1.39 18.4 
5. Me. 6.50 6.88 8.98 2.48 38.3 
Mean 7.71 | ~ 8.39 | 8.97 | =1: 254 16.0 
ee 


*Per cent 





7Standard deviation 
























ESTIMATION OF ASCITIC 





FLUID VOLUMES oo 


TABLE II. COMPARISON OF ASCITIC FLUID VOLUMES AS MEASURED BY BSP AND/OR RADIOACTIVE 


ALBUMIN WITH THOSE OBTAINED BY PARACENTESIS 


INDIRECT ESTIMATION OF 


ASCITIC FLUID VOLUME DIFFERENCE BETWEEN BSP 
(LITERS ) PARACENTESIS | AND PARACENTESIS VOLUMES 
RADIOACTIVE VOLUME I-i 
PATIENT BSP (I) ALBUMIN LITERS ) II LITERS ) PER CENT” 
Me. 6.50 6.88 6.30 0.20 a 
Su., | 16.13 16.58 16.00 +013 8.1 
Kr. 9.97 5.89 5.87 +0.10 Ld 
ra.5 1 1.81] 3.87 1.80 0.01 0.0 
Ja. 9.00 9.77 7.20 +1.75 19.5 
Mean 8.48 8.60 8.05 +(),442 6.5 
Standard deviation 0.43; P 0.3. 
I 
*Per cent ~100 
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Fig. 2.—Time-concentration regressions for PAH (mg. per cent), BSP (mg. per cent), 
nd_ radio-active albumin (counts ml. mm.) in ascitic fluid. The logarithm of the 
citic fluid concentration is plotted against time. Data on two patients are presented. 


presented in this paper indicate that ascitic fluid volumes can be indirectly 


easured by determining the degree of dilution of various solutes injected 


cireetly into the peritoneal cavity. In contrast to the findings of Mankin and 


ssociates who allowed thirty to sixty minutes for mixing of T-1824, upwards to 
ne hundred twenty minutes were required for equilibration of BSP. Follow- 


ing equilibration, relatively close correlation was noted between the volumes of 


istribution of three solutes injected simultaneously. These data would seem 


‘0 support the accuracy of the indirect volume measurement employing any one 


the three solutes used. Further evidence of the relative accuracy of the 
idirect method of measuring ascitie fluid volume is the volume of fluid obtained 
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by direct paracentesis. Volumes of ascitic fluid obtained by paracentesis agreed 
closely with those obtained by the solute-dilution technique. The BSP volumes 
exceeded the paracentesis vie'd by a mean of 440 ml., which may have been 
residual fluid lying in the pelvie gutters. These findings were in accord with 
those of Mankin and co-workers, who reported a mean diserepaney of 375 ml. 
between paracentesis vields and T-1824 volumes. In contrast to our experiences, 
Warter and associates reported that subtosan volumes exceeded paracentesis 
vields by a mean of 3.1 liters in four patients. It should be noted that the 
patients studied in our series either had had no previous paracenteses or had 
not been tapped in the previous month. Warter and associates make no mention 
of similar information in their report. Intraperitoneal inflammation associated 
with recent taps or due to other causes may result in loculation of fluid which 
could conceivably affect the accuracy of paracentesis volumes more markedly 
than that of solute-dilution volumes where homogeneous distribution might still 
oceur with time. 

It is of interest to note that the clearance of BSP and radioactive albumin 
from ascitic fluid are comparable. Among other factors, the particle size or 
molecular weight are important in the rate at which any solute diffuses out of 
the peritoneal cavity, that is, the smaller the particle the more rapid the diffusion. 





The more rapid diffusion of PAH (molecular weight, 216), compared with 
radioactive albumin (molecular weight, 69,000), is in line with this thesis. The 
rate of diffusion of BSP (molecular weight, 858), closely parallels that of 
radioactive albumin, and is in accord with evidence that BSP is adsorbed by 
proteins.'" 

For routine clinical use, ascitie fluid volumes can be estimated by simply 
injecting 5.0 ml. of BSP solution intraperitoneally, and drawing a single ascitic 
fluid sample after two to three hours. ‘The volume obtained by this procedure 
will fall within 10 per cent of that measured by the more accurate serial sampling 
technique. 

SUMMARY 


1. Close correlation was found in the volumes of distribution of brom- 
sulfalein and radioactive albumin, and between para-aminohippurate and radio- 
active albumin in ascitie fluid of four out of five patients with cirrhosis. Al- 
though para-aminohippurate volumes agreed closely with bromsulfonphthalein 
in only two of five patients, the mean difference between the two volumes was 
not statistically significant. 

2. Ascitice fluid volumes, as measured by means of the degree of dilution of 
various solutes injected intraperitoneally, checked within a mean of 440 ¢.¢. with 
volumes obtained by paracentesis in the patients studied. 


3. For routine clinical purposes, bromsulfalein may be used to estimate 





ascitic fluid volumes by the indirect dilution method. 


The authors are indebted to Dr. Smith Freeman for his helpful criticisms in the plan 
ning and execution of these studies. The authors also wish to gratefully acknowledge thi 
support and unfailing interest of Dr. Charles B. Puestow, Chief of the Surgical Services 
and Dr. Lyle A. Baker, chief of the Medical Services at Hines Hospital. 
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SIMULTANEOUS DETERMINATION OF TOTAL BODY WATER BY 
ANTIPYRINE AND DEUTERIUM OXIDE: EVALUATION OF 
THE METHODS ON EDEMATOUS SUBJECTS 
W. W. Hurst, M.D.,* F. R. ScHemm, M.D., ann W. C., VoGeEL, M.S. 
GREAT Fauis, Mon. 


INTRODUCTION 


WO of the more useful methods for the measurement of total water content 

of the body are those utilizing antipyrine and deuterium oxide. The 
measurements are based upon the dilution of these substances produced, after a 
suitable time has elapsed for their equilibration throughout the organism. 
Heavy water is considered to diffuse throughout the body as does ordinary water. 
The same has been shown to be true for antipyrine. Since antipyrine is trans- 
formed or metabolized at a constant rate, several plasma samples are required, 
and the line produced by a seml-logarithmic plot ot the values obtained is extra 
polated back to the time of injection. 

Soberman and his associates, in their deseription of the procedure for 
antipyrine, reported simultaneous studies on eight normal subjects, with good 
agreement between the two methods. In seven edematous subjects, the anti- 
pyrine volumes averaged 2.7 L. (0.9 to 5.1 L.) less than the deuterium volumes. 
The degree of edema was not stated. They also reported fair correlation in 
the distribution of antipyrine between plasma and serous cavity fluid in eight 
instances in from seven to twelve hours after injection. 

The purpose of this study was to attempt further evaluation of the useful- 
ness of the two methods in edematous patients by: (1) further comparison of 
simultaneous observations, (2) correlation of derived volume losses with weight 
losses after the clearing of edema, and (3) serial comparison of concentrations 
of the agents in blood, interstitial fluid, and serous cavity fluid to compare rates 
of diffusion. 

MATERIALS AND METHODS 

The subjects were patients with edema of varying origin who were admitted to the 
Metabolic Unit of the Deaconess Hospital. Fifty-five grams of deuterium oxide and 1.5 Gm 
of antipyrine were introduced by vein to fasting subjects on the morning of the first full day 
of hospitalization. Samples of venous blood were drawn in heparinized syringes at interval 
varying from three to twenty hours after injection. Approximately 2 ml. of whole blood wer 

Received for publication, Aug. 6, 1951. 

From the Department of Medicine, Great Falls Clinic, and the Metabolic Unit of the 
Montana Deaconess Hospital. 

This study was supported by grants from the National Heart Institute, USPHS, and th 
Life Insurance Medical Research Fund. 

This material was presented in part at the Central Society for Clinical Research, Chicag« 
November, 1950. 


*Work done during the tenure of a Research Fellowship of the American Heart Associa 
tion. 


wa 
a6 

















ht 
Ns 


res 























TOTAL BODY WATER DETERMINED BY ANTIPYRINE AND DEUTERIUM OXIDE 37 





TABLE I. SIMULTANEOUS ANTIPYRINE AND DEUTERIUM VOLUMES IN SUBJECTS WITH EDEMA 





EDEMA | 
WEIGHT | ANTIPYRINE DEUTERIUM | 
SUB ness” | | % RoDY % BODY | DIFF. 
JECT (KG. ) LITERS WEIGHT LITERS WEIGHT LITERS DIAGNOSIS 
R. FE. 1.1 10.5 62.3 42 9 64.8 1.7 Rheumatic heart disease 
G. Dd. 3.0 10.1 60.38 15.1 67.8 5.0 Rheumatie heart disease 
E. G. 3.4 £17 16.7 16.3 51.4 1.6 Arteriosclerotic heart disease 
with hypertension 
R. S. 5.0 50.2 60.3 52.6 63.0 2.4 Chronic nephritis with hyper 
tension 
H. TL ae 00 50.5 62.5 56.9 6.9 Arterioselerotie heart disease 
G.. G 6.1 31.4 57.0 38.8 70.5 7.4 Rheumatie heart disease 
C. M 6.8 51.0 60.6 34.7 68.0 cay Arterioselerotie heart disease 
rr. ack 26.6 55.2 32.0 66.4 5.4 Arteriosclerotic heart disease 
with hypertension 
D. H. 8:3 31.4 38.9 A 52 9.9 Rheumatie heart disease 
aE OR 8.4 14.6 68.3 a a | S0.0 7.5 Chronie pyelonephrosis with 
hypertension 
4S. B: 10.7 3a; 50.0 HOLS) 61.0 Arteriosclerotie heart disease 
J. XN 10.9 36.2 60.4 9.7 66.5 Chronie glomerulonephrosis 
nephrotic stage 
GC. 12.0 7.7 17.5 50.0 63.0 12.3 Arterioselerotie heart disease 
R. M. 12.2 31.0 52.0 39.1 65.6 8.1 Rheumatie heart disease 
H. 1. 12.4 61.0 51.6 62.5 53.0 1.2 Arterioselerotie heart disease 
M. W. 12.8 4.9 9.5 11.6 70.8 6.7  Rheumatie heart disease 
a: Ws, 13.3 14.6 50.5 50.0 56.6 5.4 Arteriosclerotiec heart disease 
IN; Gr: 14.0 36.4 18.4 13.8 58.3 7.4 Arterioselerotie heart disease 
K, G. 15.9 50.7 66.0 51.6 67.0 9 Arteriosclerotie heart disease 
diabetes 
W. D. LT 2 '2.0 50 57.0 YB Nias 15.2 Arteriosclerotie heart disease 
eirrhosis 
C. M. 24.2 55,8 baud (Pas 70.5 16.7. Arteriosclerotie heart disease 
©), 39.7 58.2 56.8 66.7 65.2 8.5 Arteriosclerotic heart disease 
. &.. Massive 35.2 56.0 39.7 10.6 15 Arteriosclerotic heart disease 
diabetes 
BE. B,. Massive 15.0 62.2 60.2 $3.2 15.2 Arteriosclerotic heart disease 
E. L. Massive 10.2 56.9 14.6 63.0 1.4 Cor pulmonale 
J. N. Massive 11.1 57.0 5o: 1 7:3 10.0 <Arterioselerotie heart disease 
L. M. Massive 35:1 59.0) 42.2 71.0 7.1 Rheumatie heart disease 
LS Massive yes 2D 1.6 1S.9 1.1 Arteriosclerotie heart disease 


diabetes 
F’. T. Moderate 38.3 58.4 19.0 74.9 10.7. Chronic glomerulonephrosis 
with hypertension—uremia 


Average Values 40.6 54.6 47.7 64.2 701 


apportioned for deuterium analysis, and the remainder was centrifuged to obtain plasma for 
intipyrine analysis. Except for breakfast, meals were allowed at the usual times, and fluid 
intake was not altered from the usual. 

Deuterium concentrations were determined by a falling drop method in a constant 
emperature water bath according to the principles outlined by Cohn.2 Water from the blood 
samples was obtained by lyophylization, and trapping of the water vapor as ice in a tube 
surrounded by a freezing mixture. Antipyrine concentrations were determined as described by 
srodie and associates,? utilizing an ultraviolet attachment for the Beckman DU Speectropho 
ometer. 

Interstitial fluid was obtained free of blood from a dependent extremity using needles 
atterned after those described by Burch. Serous cavity fluid was obtained by simple 
spiration. Water content of interstitial and serous cavity fluid was determined by oven 
rying to a constant weight of a tared amount of fresh material. Patients were freed of 
heir edema by clinical methods previously reported. 

Twenty-eight subjects are included in the study. Sixteen had arteriosclerotie cardio- 
ascular disease, seven had rheumatic heart disease, four had chronic nephritis, and one had 
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TABLE IT. SIMULTANEOUS VOLUME MEASUREMENTS BEFORE AND AFTER REMOVAL OF EDEMA 
ANTIPYRINE VOLUMI | DEUTERIUM VOLUMI KG. OBSERVED 
SUBJECT BEFORI AFTER DIFF. BEFORE AFTER DIFF. WEIGHT LOSS 
E. G. $1.7 $1.8 +01 16.5 $5.4 0.9) 4 
an: 8S. 50.2 13.0 1.2 52.6 17.6 5.0 5.0 
| Oe PA 55.6 51.0 1.6 62.5 60.2 2.0 5 | 
GS: As 1.4 OI 3.6 38.8 32.6 6.2 6.1 
C. M. 31.0 24.2 6.8 OAT OLA 5 Fs 6.8 
DO a P66 oy 1.9 BAL 29.6 2.4 Val 
D. 1. 1.4 30.7 0.7 1] 34.2 io 8.1 
kD: 14.6 33.2 11.4 52.1 $3.1 9.0 S.4 
Ss. B. 33.1 26.9 6.2 10.3 1.0 9.3 10.7 
» ee 36.2 26.5 9.7 39.7 BH ie S.5 10.9 
if a. i 987 9.0) 50.0 39.1 10.9 12.0 
R. M. 31.0 25.7 ie 39.1 AE 11.8 2. 
H. 61.0 56.4 1.6 62.5 56.2 6.3 12.4 
M. W. D4.9 24.1 10.8 11.6 31.4 10.2 12.8 
‘eae IPR 14.6 oo. 12.5 D0.0 11.6 8.4 eR: 
NW. G. 304 26.6 9.8 13.8 35.4 10.4 14.0 
Ko 50.7 37.5 13.2 51.6 39.0 12.6 15.9 
W. D. 23 32:8 9.5 4 ss 14.2 13.3 172 
C: M,. DOS 10.6 bie 72.5 51.0 21.5 24.2 
E. O. 38.2  & Bs 270 66.7 36.5 30.2 9.7 
Average Value $1.7 Se 8.6 ISLS 39.5 9.9 12.25 


chronic cor pulmonale. In one patient cirrhosis of the liver, and in three patients diabetes 


was coexistent. One patient was studied in two episodes of congestive heart failure. 


RESULTS 

1. The results of simultaneous measurements of total body water in 
edematous subjects in twenty-nine instances are summarized in Table I. The 
average antipyrine volume for the group was 40.6 L., or 54.6 per cent of body 
weight. The average deuterium volume was 47.7 L., or 64.2 per cent of bod) 
weight. In no instance did an antipyrine volume exceed a deuterium oxide 
volume. 

In the group of ten subjects whose subsequent weight loss was less than 
10 kg., the average antipyrine-deuterium volume difference was —5.4 L. (1.7 to 
9.9 L.). In the group of ten whose weight loss was between 10 and 20 kg., the 
average difference was —6.8 L. (0.9 to 15.2 L.). In the group of three whose 
weight loss was over 20 kg. (including subject R. L.), the average difference 
was -9.9 L. (4.5 to 16.7 L.). This suggests the possibility of a difference in the 
rate of diffusion of the two agents throughout the body, which is increased in 
the massively edematous subject. 


2. In twenty instances volumes were determined simultaneously with the 


two agents on the edematous patients, and were repeated after the edema was 
removed. The correlation of the volume loss as derived from the two method: 
with the observed weight loss is presented in Table I]. The time intervals be 
tween determinations averaged eighteen days (six to sixty-eight days). 
Despite the discrepancy shown between the absolute volumes as determine: 
simultaneously, the derived volume changes in these ‘‘ before and after’’ studie 
were not too divergent. For antipyrine the mean volume loss was 8.6 L., and fo 
deuterium it was 9.5 L. The observed average weight loss for the group wi 
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TABLE IIT. COMPARISON OF RATES OF EQUILIBRATION OF ANTIPYRINE AND DEUTERIUM 
IN EDEMATOUS SUBJECTS 


ANTIPYRINE DEUTERIUM 
TISSUE CHEST ASCITIC TISSUE CHEST ASCITIC DEGREE 
FLUID FLUID FLUID FLUID FLUID FLUID OF 
SUBJECT (HR. ) (IR. ) (HIR. ) (HR. ) ( Eke) (HR. ) EDEMA 
R. E. 0—7 5 Ld Ke. 
C. M. 0—S8 6 OS ke. 
Be: Bh. 0 8.5 0—S8.5 8.5 S.5 9.6 ke. 
PP. ) 9.5 0—9.5 0 9.5 t+-—9 5 Massive 
EK. G. t t t S ou ke 
ED. () 7 6 5b ke. 
E. ©. t 6 t o 8.4 kg. 
EK. LL. 0—20 20 Massive 
P| a 0) S | Ss Massive 
ts, () +) 9 12.1 kg. 
BR. Th. () 6 0) 6 Massive 
B. B. 0) 7 0—7 ; 6 } Massive 
C. M. 0 9 0—9 0) i) { 24.2 keg. 
Wy. Ea, }-—f t+— 13.3. ke. 
WwW. D. 0—8 j—8 C7 | ae 17.2 kg. 
Totals 11 D } 1] 5 } 
Number in whom 
equilibrium 
was reached 2 0 l S 5 3 
Denotes that equilibration was reached, followed by the time in hours. 
0 Denotes equilibration was not reached, followed by the duration of the study in hours. 


12.25 kg. Nitrogen balances were not done, but undoubtedly many of the sub- 


jects were in negative balance and in an eighteen-day period could conceivably 
lose as much as 2 ke. of tissue weight. 

3. The observation that the antipyrine space averages somewhat lower than 
the deuterium space has not been explained. Soberman suggests that the differ- 
ence may be due to failure to correet for small amounts of antipyrine that be- 
come protein bound.' However, a similar error may be present with deuterium 
oxide, for it has been suggested that some heavy hydrogen may exchange with 
available bound ordinary hydrogen in the body.®° We have attempted to ap- 
proach the problem by following the rates of diffusion of the materials by 
simultaneous serial determination of their concentrations in blood, interstitial 

uid, ascitic fluid and/or pleural fluid. At equilibrium throughout the body, the 
‘spective concentrations should be equal in the various body fluids studied. 
he results are summarized in Table III. Equilibrium was assumed reached 
hen the corresponding values agreed within 4 per cent of each other. 

It is apparent that the diffusion rate for deuterium is more rapid than for 
itipyrine, particularly into serous cavity effusions, as evidenced by the fact 
iat with antipyrine equilibration was reached in one of nine instances, while 
ith deuterium it was reached in eight of nine instances. In interstitial fluid 
wlibration was reached with antipyrine in two of eleven instances, while with 
uterium it was reached in eight of twelve instances. The rate of diffusion 
‘pears to correlate roughly with the degree of edema present. 


DISCUSSION 


When antipyrine and deuterium total body water volumes are determined 
iultaneously in edematous patients, the antipyrine volumes are consistently 
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smaller than the deuterium volumes. The degree of variation is roughly parallel 
to the degree of edema present. Yet when the two methods are utilized simul- 
taneously to determine changes in total body water as produced by removal of 
edema. the derived volume changes agree within 10 per eent, thoueh the anti- 
pyrine changes were consistently smaller. These derived volume changes agree 
well with the observed weight loss (edema) in the same subjects. 

The smaller absolute volumes and the smaller changes in volume as edema 
is lost as derived from the antipyrine method are based to a considerable extent 
upon a slower rate of diffusion of antipyrine as compared to deuterium. — It 
would appear that both methods are useful where edema is present in moderate 
degree and where long periods of time are allowed for antipyrine diffusion. In 
the presence of massive edema and/or large accumulations of fluid in serous 
cavities, the deuterium method is more accurate. However, in such cases a long 


period of time is necessary before equilibration occurs. 


SUMMARY 


Comparative results of the antipyrine and deuterium oxide methods for 
determination of total body water in edematous subjeets has been presented. 

In such subjects the deuterium volume is uniformly greater than the anti- 
pyrine volume. When these methods are used to measure changes in total body 
water as edema is removed, they both reflect changes which agree well with 
observed weight losses. Losses refleeted by changes in deuterium volumes how- 
ever, were consistently somewhat greater than those reflected by antipyrine 
losses and more nearly approached the observed weight changes. 

Data are presented which demonstrate that antipyrine diffusion through- 
out the body is slower than deuterium diffusion. 

In the presence of massive edema with serous cavity effusion, the deuterium 
method is considered more accurate, but care must be taken to allow considerable 
time for equilibration to occur. 


The constant temperature water bath and temperature control mechanism used in the 
study for deuterium analyses were constructed and furnished by the Holter Research 
Foundation, Helena, Mont. 

The antipyrine used in these studies was furnished by the Eli Lilly Company, who also 


prepared the deuterium oxide for intravenous use. 
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URINE-BLOOD RATIOS OF DEUTERIUM OXIDE IN MAN 
W. W. Hurst, M.D.,* F. R. ScoemM, M.D., ann W. C. Voce, M.S. 
GREAT FALLS, Monv. 


Oo. of the more useful procedures for determination of total body water has 
been that utilizing deuterium oxide. Theoretically this material is an 
‘‘ideal’’ agent for the purpose since it is an isotope of the normal constituent 
water, and rapidly equilibrates throughout the entire body.' 

As one phase of evaluating the method, it is desirable to determine whether 
the functioning renal tubule is capable of distinguishing between water and its 
isotopic form deuterium oxide. If no distinction is made, deuterium oxide will 
be reabsorbed by the tubule in the same ratio to water as is present in the 
glomerular filtrate. In this circumstance, at any given time, the blood deuterium 
oxide to water ratio would equal the urine deuterium oxide to water ratio. 


MATERIALS AND METHODS 


Kitty-five grams of deuterium oxide were given intravenously or orally to 
fasting subjects with edema, without edema, and to normal individuals. Water 
was allowed ad libitum in all instances but two, in one of which it was restricted, 
and in the other it was foreed. Subjects, while standing,voided or were catheter- 
ized five to ten minutes before collection of blood, and the urine produced in the 
succeeding ten to twenty minutes was collected for analysis. Two milliliters of 
venous blood were withdrawn in a heparinized svringe at the midpoint in time 
of the urine collections. Samples were obtained at hourly intervals for varying 
lengths of time. They were shell frozen in a flask immersed in a mixture of dry 
ice and ethylene glycol and lyvophylized, the water vapor being collected as ice 
ina trap surrounded by a similar freezing mixture. 

Deuterium oxide to water ratios (expressed as per cent) were determined 
ry falling drop in a constant temperature water bath based upon principles 
utlined by Cohn.? 

RESULTS AND DISCUSSION 


The results are summarized in Table I. 

At an average concentration of 0.100 per cent deuterium oxide in water 
olution, the error of the method is 1 to 2 per cent. When the results are 

Received for publication, Aug. 6, 1951. 

From the Department of Medicine, Great Falls Clinic, and the Metabolic Unit of the 
lontana Deaconess Hospital. 

This study was supported by Grants from the National Heart Institute, USPHS and the 
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expressed as a urine/blood ratio, this error allows a deviation of 1.00, + 0.04. 


In the time intervals greater than two hours after administration of deuterium 


oxide, this range was exceeded in seven of sixty-four instances (plus 0.07 to 


minus 0.06). 


five of twelve instances. 


In the first two hours of study, this deviation was exceeded in 
Since in this period there is most rapid change in 


concentration as equilibrium throughout the body is being approached, there is 


greater opportunity for error in the study. 


av HourLy 


5 6 - f 94 
(Oral) 
0.97 1.02 1.04 
0.95 1.02 0.99 1.02 
100 0.97 
1.04 1.03 1.01 0.98 
t.v./ 
1.04 1.02 1.02 1.03 
0.98 0.98 0.94 0.99 
1.00 1.02 1.04 
us (1.v.) 
1,0] 1.02 0.98 
100 1.04 
0.99 0,98 
1.00 
0,99 1.02 
re (%.U.) 
0.97 1.00 
O99 1.01 0.99 1.01 
13 12 } 8 


arteriosclerotic 


TABLE I.) URINE /BLoop Ratios 
SUBJECT 1 2 = } 
Normal 
E. L. 0.97 0.98 
W. H. 0.76 O88 0.92 0,98 
W. F. 0.96 1.05 1.03 1.04 
ww. V.* 1.01 1.02 1.01 1.01 
Normal 
W. F.t 1.03 1.03 1.03 1.02 
W. H. 1.07 1.02 1.00 0.98 
W. V. LOS 0.97 100° 1.01 
Edemato 
R. S 0.97 0.98 
E. G 1.05 1.06 
I. S. 1.06 1.04 
H. LL. 
G. G. 
Edema F 
R. S 0.97 0.98 
J. W. 1.04 1.06 
A. LL. 0.98 1.00 
E. G. 0.99 0.98 
Avg. Ratio 0.98 0.99 LOL 1.01 
No. of determi 
nations 6 6 LS 14 
Mean U/B ratio for the 76 instances—1.00 
*Urine milliliters per hour, 460 c.c.; 
+Urine milliliters per hour, 70 c.c.; 


rheumatic 


cardiovascular 


disease. 


heart 


INTERVALS 


DIAGNOSIS 


Arteriolo 
nephrosclerosis 

ACVD 

ACVD 

ACVD 

RHD 


Arteriolo 
nephrosclerosis 

ACVD 

ACVD 

ACVD 


disease. 


The average urine/blood ratio for the total of seventy-six instances was 


1.00. This would indicate that the kidney in its function does not distinguish 


between water and its isotope heavy water. 


It also indicates that total body 


water determinations may be based upon analysis of urine as well as upon blood. 


In three normal subjects the heavy water was given orally and then intravenously 


on a subsequent occasion. 


weight varied no more than 2 per cent in each of these three subjects. 


The total body water expressed as per cent body 


In a 


fourth subject the difference was 6.4 per cent. The greater volume was obtained 


after oral administration, at which time the urine flow was held at approximately 


500 ml. per hour, and correction for this large urine loss was not made. 
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SUMMARY 


The average urine/blood ratio of deuterium oxide as determined seventy- 
Six times on ten subjects was 1.00, indicating that the kidney in its function does 
not differentiate between water and deuterium oxide. 

Determination of total body water may be based upon analysis of urine for 
deuterium oxide as well as of blood. 

In suitable subjects deuterium oxide may be given by mouth for the deter- 
mination of total body water. 

The constant temperature water bath and temperature control mechanism used in these 
studies were built and furnished by the Holter Research Foundation, Helena, Mont. 

Preparation of the heavy water for intravenous administration was done by the Eli 
Lilly Company. 
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THE SERUM MUCOPROTEINS AS AN AID IN THE DIFFERENTIATION 
OF NEOPLASTIC FROM PRIMARY PARENCHYMATOUS 
LIVER DISEASE 


Ezra M. GREENSPAN, M.D., BERNARD TEPPER, M.D., 
Lerner L. Terry, M.D., aNnp EMANUEL B. ScHoeNBacH, M.D.* 
BALTIMORE, Mp. 


HE mucoprotein of serum is a glycoprotein complex characterized’ by solubil- 

ity in acid protein precipitants, viz., trichloracetic, sulfosalicylie and per- 
chlorie acids, as well as stability to heat, and a low isoelectric point? (pH 2.3). 
Serum mucoprotein may be conveniently isolated devoid of albumin and other 
globulins by differential precipitation’ ° employing perchloric and phosphotung- 
stie acids. Indirect electrophoretic evidence? * ° has indicated that the isolated 
mucoprotein resembles the alpha-l-globulin component in serum. The protein 
eontent (M) of mucoprotein in the normal adult varies from 55 per cent to 70 
per cent; the nonglucosamine polysaccharide content, from 10 per cent to IS 
per cent. The complete structure has not been established,’ although amino- 
sugars, lipids, ete., have been identified. An estimate of the mucoprotein con- 
tent of serum may be conveniently obtained by measurement” * ° of the pre- 
ponderant protein (M) or the polysaccharide component (Py). * 

The increased serum mueoprotein content has been reported to occur in a 
variety of infectious’ or neoplastic® ° diseases. The latter have not been as- 
sociated with any abnormality in the polysaccharide/protein (Py,/M)_ ratio. 
An investigation of the influence of parenchymatous liver disease on the serum 
mucoprotein was instituted, when exceptions to these findings were noted® in 
a patient with advanced carcinoma of the prostate after the appearance of a 
homologous serum hepatitis, as well as in a number of patients with multiple 
myeloma. A reduced serum content of mucoprotein (M) associated with an 
increased proportion of polysaccharide to protein (P,,/M) was found® ' among 
a number of patients with either uncomplicated infectious hepatitis, homologous 
serum hepatitis, or portal (Laennec’s) cirrhosis. In contrast, the serum of 
patients with neoplastic infiltration of the liver, associated with hepatomegaly, 
showed elevated mucoprotein levels (M) with essentially normal polysaecharide 
protein ratios (P/M). 

These observations were deemed to be clinically useful in the differentiation 
of neoplastic from primary parenchymatous disease of the liver, and the results 
are presented at this time. 

From the Clinical Research Unit, National Cancer Institute, and the Medical Service, 
U. S. Public Health Service Hospital, Federal Security Agency; the Department of Preventive 
Medicine, The Johns Hopkins University Medical School; and the Medical Service, The Sinai 
Hospital. 

These investigations were aided in part by a grant from the American Cancer Society 
to the Department of Preventive Medicine, The Johns Hopkins University School of Medicine 
recommended by the Committee on Growth of the National Research Council. 
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METHOD 

The normal sera were obtained from the members of the U. S. Public Health Service 
Hospital staff in apparent good health. The abnormal sera were obtained from patients 
hospitalized at the Clinical Research Unit of the National Cancer Institute, the Medical 
Service, U. S. Public Health Service Hospital, and the Medical Service, The Sinai Hospital, 
Baltimore, Md. In each case of neoplasia the diagnosis was established by tissue biopsy and/or 
autopsy examination. The diagnosis of acute hepatitis or portal cirrhosis was based upon 
the clinical and laboratory criteria generally employed. The diagnosis was confirmed by 
liver aspiration or autopsy examination in approximately one-third of the patients in this 
group. Concurrent complications unassociated with the primary hepatic disease are presented 
in Table I. 

The procedure of Simkin? was used for the precipitation of mucoprotein, The protein 
component (M) of the precipitate was measured by a Biuret method; the polysaccharide 
component (P,,), by a modification® of Shetlar’s method. The sera were obtained in the 
fasting state and were stored at -5° C. until examined. 

In addition to the usual hematologic, renal, and chemical studies, the serum bilirubin,12 
albumin, globulin, and albumin/globulin ratio,12 thymol turbidity,!4 zine sulfate turbidity,15 
alkaline phosphatase,16 bromsulfalein retention,17 and plasma prothrombin time!8 were 
determined.* 

RESULTS 

The significant data are summarized in Table I. A somewhat lower mean 
content of M in the serum of normal adult women (54.8 mg. per 100 ml.), as 
compared to normal adult men (60.3 mg. per 100 ml.) was observed. Although 
the difference between the means is small, the individual M values appeared to 
be consistently lower among the women than among the men. It is believed 
that these differences would be statistically significant if a large enough group 
had been available for study. More than 95 per cent of the M values among the 
eighty-eight normal subjects fell within the range of 45 to 70 mg. per 100 ml. 
serum,t while 95 per cent of the estimations of the polysaccharide content (P,) 
of serum mucoprotein in these normal subjects ranged from 5.7 to 18.2 mg. per 
100 ml. The 95 per cent limits of the P/M ratios occurred between 0.132 and 
0.196. Values bevond these limits were assumed to exceed the normal range. 

Acute Hepatitis —The observations on thirty-six patients with the diagnosis 
of acute infectious (viral) and homologous serum hepatitis are graphically 
represented in Figs. 1, 2, and 3, and summarized in Table I. A mean value for 
the mucoprotein (M) of 38.6 mg. per 100 ml. was obtained, as compared to a 
mean of 57.6 me. per 100 ml. with eighty-eight normal subjects. The initial 
sera from the patients with hepatitis were obtained in most instances within 
several days after admission to the hospital. The serum mucoprotein (MM) 
content was below the normal, or in the low normal range in twenty-seven of 
the thirty initial sera from patients with infectious hepatitis (Fig. 1). M levels 
in the normal range occurred in two patients in whom clinical and laboratory 
data were more consistent with the ‘‘cholangiolitie’’ type of hepatitis.1® A 


*The authors wish to thank Dr. Chapman Binford, Chief, Laboratory Section, U. S. 
Public Health Service Hospital, and Dr. Tobias Weinberg, Chief of Laboratories, The Sinai 
Hospital, for their cooperation in this study. 

+The range among the men was 48 to 74 mg. per 100 ml, and among the women was 
10 to 70 mg. per 100ml. If the data to be presented were expressed according to sex, certain 
f the differences to be reported among the abnormal groups would be more clearly defined. 
[he preponderance of the patients available for this study were men. 
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progressive fall in M levels to the subnormal range was observed upon serial 


study of several patients in which the initial values were in the low normal range. 
A clinical diagnosis of infectious hepatitis was made in only a single patient 
with an elevated M content (77 mg. per 100 ml.). He had had several previous 
episodes of jaundice of undetermined etiology. No liver biopsy was obtained. 
A reduced serum mucoprotein (M) content was observed in all six patients with 
homologous serum hepatitis. 


SERUM MUCOPROTEIN (M) CONTENT 
IN PATIENTS WITH 
HEPATOMEGALY and/or JAUNDICE 
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Fig. 1.—The serum mucoprotein (M) content, measured as Biuret-peptide (casein as 
Standard), among patients with hepatomegaly and/or jaundice due to common etiological 
tors designated at the base of the chart. The limit of the normal range (dashed horizontal 
®S), 1S approximated without regard to a possible sex difference (see text footnote). The 
'— | complicated portal cirrhosis, indicated with a black triangle, have been described in 

ext. 

The polysaccharide (P,,) content of the mucoprotein in the hepatitis group 
mained essentially in the normal range (Fig. 2). The P,,/M ratio was elevated 
-0 or greater) in twenty-seven of thirty-four sera in which this determina- 
i was performed (Fig. 3). This change in the composition of mucoprotein 
S principally the result of a reduced proportion of protein (Biuret peptide) 
ther than of a rise in the total amount of polysaccharide. 
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Four patients with carbon tetrachloride poisoning and liver damage of 
varying degree were studied. The mucoprotein (M) content of the initial sera 
was below the normal range in two of these patients. The remaining two eases 
showed M levels above the normal range. Serial determinations were possible 
in one patient shortly after the simultaneous acute onset of severe hepatic and 
renal damage. The changes in M content observed during the course of this 


POLYSACCHARIDE CONTENT (Pm) OF SERUM 
MUGCOPROTEIN IN PATIENTS WITH 
HEPATOMEGALY and/or JAUNDICE 
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Fig. 2.—The polysaccharide (Pm) content of serum mucoprotein among patients with hepa- 
tomegaly and/or jaundice. Symbols and groups as in Fig. 





patient ’s disease were so striking as to suggest that the M level was a resultant 
of simultaneously-acting intrahepatic and extrahepatic factors. Fig. 4 illustrates 






the sudden rise from reduced mucoprotein levels to markedly elevated levels 






which occurred in this patient a few days after admission. This marked in 





crease in the M content developed when the patient first began to show evidence 






of improved hepatie function, but while renal damage, hypertension, pulmonary 






congestion, and heart failure were still progressive. One of the two patients 








with high mucoprotein levels was in a moribund state from renal insufficiene) 
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and died within several hours after serum was obtained for examination. The 
other showed signs of severe gastrointestinal and renal damage, with relatively 
slight evidence of hepatic injury. Such elevations have been previously noted?® 
In infectious hepatitis when extrahepatic necrosis or infection supervened. 

The M content was either in the normal or elevated range and the ratio, 
P/M, was normal among all seven patients with hepatomegaly and fatty in- 


filtration of the liver, diagnosed by aspiration biopsy. 


POLYSACCHARIDE/PROTEIN RATIO (Pm/M) 
IN SERUM MUCOPROTEIN OF PATIENTS WITH 
HEPATOMEGALY and/or JAUNDICE 
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ig. 3.—The polysaccharide/protein ratio (Pm/M) in the serum mucoprotein among the 
putients represented in the preceding figures. 


The influence of hepatitis associated with infectious mononucleosis on the 
erum mucoprotein level was observed in three patients. Increased M levels and 
ormal P,,/M ratios were present in all three patients, in contrast to the obser- 
ations in the primary infectious or serum hepatitis group. 

Serial determinations of the M content from representative patients with 
ifectious or homologous serum hepatitis are presented in Fig. 5. 

Portal Cirrhosis.—The mucoprotein (M) levels in forty patients with portal 
rrhosis were reduced in thirty, normal in six, and inereased in four. A mean 
rum muecoprotein value of 32.5 mg. per 100 ml. (normal = 57.6 mg. per 
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100 ml.) was obtained from thirty-four patients with apparently uncomplicated 
portal cirrhosis. The polysaccharide (P,,) content of the serum mucoprotein 
remained essentially unchanged (Fig. 2), resulting in an elevated P,,/M ratio 
in twenty-six of thirty-seven sera (Fig. 8). Each of the four cases of portal 
cirrhosis with increased M levels manifested obvious extrahepatic complications, 
viz., lobar pneumonia, 2; adenocarcinoma of the kidney with metastases, 1; and 
gastric adenocarcinoma with regional and hepatic metastases (in a cirrhotic 
liver), 1. Extrahepatic complications were also present in two of the four cases 
with M levels in the normal range. These were B. proteus septicemia and acute 
pyelonephritis, respectively. The mucoprotein (M) concentration was normal 
in only three of thirty-four patients with apparently uncomplicated portal 


cirrhosis (Fig. 1). 





Protein (M) of the Serum Mucoprotein ( Biuret-Peptide ) 
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DAYS AFTER ADMISSION 


Fig. 4.—Fluctuations in the serum mucoprotein (M) level in a patient with the simul- 
taneous onset of severe hepatic and renal damage due to carbon tetrachloride poisoning. 
Recovery of hepatic function preceded the improvement in signs of renal insufficiency and 
associated systemic manifestations therewith. 








Hepatomegaly with Hepatic Metastases —An increased serum mean muco- 
protein content (115.3 mg. per 100 ml.) was observed in twenty-five patients 
with hepatomegaly secondary to neoplastic involvement of the liver. The M level 
in this group was conspicuously different from the hepatitis and cirrhosis groups, 
in which the means were 38.6 and 32.5, respectively (Table I, Fig. 1). Elevated 
M levels were observed among twenty-four of the twenty-five patients. The 
single instance of a normal M level was found in a patient with a massively en- 
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larged liver who had had an enucleation of the eve because of choroid (retinal) 
melanoma. At postmortem examination metastases were exclusively confined to 
the liver. The liver weighed 8,250 Gm., and only a few intact liver cords were 
observed. Clinical signs of severe hepatic insufficiency, probably on a hepatic- 
replacement basis, were evident in this patient. 

Among the hepatic metastases group the polysaccharide content of serum 
mucoprotein (Fig. 2) was increased in proportion to the increase in the protein, 
so that no significant changes occurred in P,,/M ratios (Fig. 3). 

Obstructive and Inflammatory Biliary Disease-—The mean muecoprotein 
content of patients with obstructive or inflammatory biliary disease (82.9 mg. 
per 100 ml.) was only slightly above the upper limit of the normal, but was 
significantly (Table I) above the means of the hepatitis and cirrhosis groups. 
The M concentration was elevated in twenty and not below the lower limits of 
normal in any of thirty-one patients with either acute or chronic choleeystitis 
with cholelithiasis, cholangitis, common duct stone, carcinoma of head of pan- 
creas, or carcinoma of gall bladder. The P,,/M ratios (Fig. 3), although 
variable, were not significantly elevated. The mucoprotein value was elevated 
in all (ten) patients with acute cholecystitis. Normal M concentrations were 
observed in four patients with acute biliary obstruction from common duet 
stone, in three patients with chronie cholecystitis and cholelithiasis, in three of 
eight patients with obstruction from carcinoma of the head of the pancreas, and 
in one patient with carcinoma confined to and arising in the gall bladder. 
Serial determinations of the M level from representative cases of hepatitis, 
cirrhosis, hepatic metastases, and obstructive or inflammatory biliary disease are 
presented in Fig. 5. 

Hepatomegaly with Congestive Heart Failure.—An elevated M level with 
normal P,,/M ratios was found in eleven of twelve patients with a hepatomegaly 
secondary to acute or chronie congestive heart failure. Two patients with 
‘eardiae cirrhosis’? showed reduced M levels and high P,,/M ratios similar to 
those observed in portal cirrhosis. 

Miscellanecous.—Mucoprotein determinations on patients with hepatomegaly 
lue toa variety of other pathologic conditions were also performed. An elevated 
nucoprotein (M) content with normal P,,/M ratios was found in the following 
nstances: sickle-cell anemia, 1; scleroderma, 1. Normal M levels with essentially 
iormal P,,/M ratios were observed in the following: salmonella sepsis with 
aundice, 1; osteosclerotie anemia, 1; diabetes mellitus, 2. Reduced mucoprotein 
evels and high P,,/M ratios were observed as follows: generalized sarcoidosis, 
’; diabetes mellitus, 2; kala-azar, 1; toxie nodular goiter (Plummer’s type) with 
epatomegaly and cardiae decompensation, 1. 

Comparative Liver Function Tests —The changes in the mucoprotein level 
i the various disease states were independent of the abnormality revealed by 

ie serum bilirubin, thymol turbidity, zine sulfate, alkaline phosphatase, pro- 
irombin time, or bromsulfalein tests. 
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DISCUSSION 


The mean levels of serum mucoprotein (M) in the principal groups studied 
were: acute hepatitis, 38.6 me. per 100 ml.; uncomplicated portal cirrhosis, 32.5 
mg. per 100 ml.; hepatomegaly with hepatic metastases, 116.1 mg. per 100 mL; 
obstructive or inflammatory biliary disease, 82.9 mg. per 100 ml.; normal subjects, 
57.6 mg. per 100 ml. Reduction in the serum mucoprotein (M) level was found 
in SO per cent of patients with acute infectious or homologous serum hepatitis 
and $7 per cent of patients with uncomplicated portal cirrhosis. The possible 
diagnostic significance of these observations is enhanced by the high incidence of 
elevated mucoprotein (M) levels in the other common pathologic conditions 
associated with hepatomegaly or jaundice. An elevated mucoprotein (M) level 
was observed in approximately 95 per cent of the patients with clinically-evident 
enlargement of the liver due to neoplastic infiltration. A low M level, as well 
as an elevated P,,/M ratio, consequently appears to represent an aid in the 
diagnosis of hepatomegaly and jaundice when attempting to differentiate primary 
parenchymatous insufficiency from neoplastic involvement of the liver. 

The M level may also provide some aid in the differentiation of hepatitis 
or cirrhosis from obstructive or inflammatory biliary conditions warranting 
surgical intervention. The latter disease states are usually associated with 
elevated levels, or, less frequently, with levels in the normal range. The data 
indicate that reduced M levels would seldom occur in patients with cholecystitis, 
cholelithiasis, common duct stone, cholangitis, careinoma of head of pancreas, 
or carcinoma of gall bladder. Although a larger experience with surgical billary 
disease may reveal a few exceptions to these findings, the present observations 
suggest that a diagnosis of obstructive biliary disease, or metastatic neoplasia 
should be made with caution in the presence of a reduced serum mucoprotein 
content and an increased P,,/M ratio. 

The concentration and composition of mucoprotein in the serum appears to 
represent the resultant of both intrahepatic and extrahepatic processes. The 
intrahepatie component becomes evident with the development of diffuse paren- 
ehymatous hepatic degeneration. The extrahepatic elements, which tend to 
increase the serum content of mucoprotein, include infection, neoplasia, shoek,?" 
and surgical procedures.*!| The common factors in these conditions, viz., cellular 
proliferation, inflammation, exudation, hemorrhage, or necrosis, have been shown 
experimentally to increase the level of mucoprotein-like substances in the serum.?” 
It is probable that a release of excessive amounts of mucoprotein into the blood 
stream occurs from sites of major tissue alteration. It has been observed’ that, 
in the presence of significant extrahepatic complications, the mucoprotein content 
of the serum may be normal or elevated, and obscure the presence of diffuse 
parenchymatous hepatic insufficiency. 

A probable relationship of serum mucoprotein to the alpha-l-globulins has 


been demonstrated by isolation experiments.?*° The increased serum muco- 
protein level in patients with advanced cancer is consistent with the increase in 


alpha-globulin concentration reported in electrophoretic studies by Mider and 








associates*? on cases of ‘‘late cancer.’’ No consistent changes in the alpha- 
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globulin content of the serum as measured electrophoretically has been  re- 
ported? #4 in patients with hepatitis or cirrhosis. Technical factors involved in 
electrophoresis complicate the detection of changes in the various individual 
components of the alpha-globulins. The reduction and alteration of serum 
muecoprotein in the presence of uncomplicated hepatic insufficiency are not the 
only findings which suggest that heretofore unrecognized changes in the alpha- 
globulins probably develop during episodes of hepatitis. Since the initiation of 
our studies, Havens?’ reported the absence of an alpha-globulin component, 
i.e., polysaccharide C-reactive protein, in acute infectious hepatitis. Although 
no studies were performed on patients with cirrhosis, an attempt was made to 
relate this observation to the pathogenesis of viral infection. Reduction in 
serum level of cholinesterase, also a component of the alpha-globulins, has been 
noted®® in the presence of acute or chronic hepatic insufficiency. The deter- 
minations of serum mucoprotein would seem to provide a crude index of altera- 
tion in alpha-globulins, analogous to the numerous serum tests correlated with 
the status of the serum beta or gamma globulins. 

A precise evaluation of the diagnostic significance of the serum mucoprotein 
must await further study on large numbers of patients. For the present, it may 
he assumed that reduced serum mucoprotein levels will be observed in most 
patients with hepatitis or cirrhosis. .A mucoprotein estimation may provide a 
useful aid in distinguishing primary parenchymatous disease of the liver from 
neoplastic infiltration or obstructive biliary disease. 


SUMMARY 


Among eighty-eight normal adult subjects, the mean content of mucoprotein 
(M) was 57.6 mg. protein (Biuret peptide) per 100 ml. serum, the mean poly- 
saccharide (P,,) content (measured as galactose-mannose) was 9.4 mg. per 100 
ml.; and the mean P,/M ratio was 0.17. More than 95 per cent of the M 
values were found between 45 and 70 mg. per 100 ml. The mean and lower 
limits of normal in women were somewhat lower than in men. 

In the various categories of hepatomegaly and jaundice studied, the mean 
M levels were: acute hepatitis, 38.6 mg. per 100 ml.; portal cirrhosis (uneom- 
plicated), 32.5 mg. per 100 ml.; hepatomegaly with hepatic metastases, 116.1 
mg. per 100 ml.; obstructive or inflammatory biliary disease, 82.9 mg. per 100 ml. 
The P,,/M ratios were increased in patients with hepatitis or cirrhosis, but not 
significantly altered in the hepatie metastases and biliary disease groups. <A 
reduced mucoprotein (M) content of the serum was observed in thirty-two of 
thirty-six eases of acute homologous or infectious hepatitis, and in thirty-two 
if forty patients with portal cirrhosis, but in no patient with hepatic metastases 
rv obstructive or inflammatory biliary disease. 

An impairment in the alpha-globulin formation is probably related to the 
edueed content of mucoprotein in patients with diffuse liver disease. 

The potential diagnostic aid of serum mucoprotein estimations in the differ- 
ntiation of disease states characterized by hepatomegaly and jaundice is 
liscussed, 
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THE EFFECTS OF MODIFIED HUMAN GLOBIN ON RENAL 
FUNCTION IN CIRRILOSIS OF THE LIVER 


J. LEONARD BrRANptT, M.D., aNp ANTHONY CaccEsE, M.D., 
BROOKLYN, N. Y. 


LASMA protein deficit, excess of antidiuretic pituitary hormone, or of 

sodium-retaining corticoid substanees, and reduced renal blood flow are 
factors in the formation of ascites in patients with cirrhosis.'° The use of salt- 
poor albumin as a therapeutie tool in the treatment of cirrhosis held promise, but 
has enjoved only moderate success because of cost and the necessity for long 
continued therapy. 

When modified human globin* became available, it was decided to study the 
effects of this substance on cirrhotics in regard to renal funetion and sodium 
excretion as compared with normal subjects.® 


METHODS 


A group of twelve subjects were studied. The diagnosis of cirrhosis of the liver was 
established by history, physical examination, laboratory tests, and in most cases a liver 
biopsy. Six of the subjects had ascites and peripheral edema; six had none. All patients 
were on a hospital low sodium, high protein, low fat diet with added vitamins. Those who 
had been on mercurial diuretics were taken off the drug for at least forty-eight hours before 
the experiment. Patients were studied in the fasting state at least ten hours after their last 
meal. They were hydrated with about 1,000 ml. of water before the experiments to assure 
adequate urine flows. Renal clearances of inulin and PAH were determined, as well as 
minute excretions of sodium. Not all procedures were carried out in all patients. The 
constant infusion technique for renal clearances was used. Clearance periods averaged from 
five to fifteen minutes, depending upon urine flow. An indwelling catheter assured accurate 
urine collections by bladder washout and air injection and evacuation. Determinations of 
nulin and PAH in plasma and urine were made by the usual methods.7,8 Blanks of urine 
and blood were collected prior to the test. Sodium concentrations in urine were determined 
vith the flame photometer using lithium as the internal standard. Two or three control 
eriods using 5 per cent glucose in water were collected prior to the administration of globin. 
Infusion rates during control periods and during glebin administration were kept constant. 
In ten cases no more than 32 Gm. of globin were administered in more than one hundred and 

irty minutes, in some much less; in two cases (C.C., and H.D.) globin was infused at a 
rapid rate, so that at least 32 gm. were administered in sixty minutes. Hematocrits were 


one during control periods and after globin on heparinized blood in Wintrobe tubes centri- 


iged for thirty minutes at 2,500 r.p.m./min. 


RESULTS 


I. Effect of Globin Administration on Renal Function in Cirrhotics With 
\scites (A, Table I).—In these six patients, all showed a slight but definite 
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*The modified human globin was supplied through the courtesy of Sharp & Dohme, Glen- 
ien, Pa. The material is supplied in bottles containing 16 Gm. (one unit) of the lyophilized 
iterial with approximately 1.0 Gm. NaCl. The globin is dissolved in 400 ml. of 3.5 per cent 
ucose in water, and is then isotonic. The colloidal osmotic pressure is equivalent to approxi- 
itely 400 cc. of 8 per cent albumin. 
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TABLE 1. RENAL DATA ON PATIENTS GIVEN GLOBIN 


NA 
NAME, AGE, SEX URINI EXCRETION 
GM. GLOBIN /TOTAL FLOW CPAIL CIN FILT. MM/MIN. 
MIN, PERLODS (c.C./MIN. ) (R.P.F. (G.F.R. ) FRACT. x10 
A. Patients With Ascites 
R..C., 54, M. Control (3) =| 509 9.1 
22 /70 Globin (3 8.4 DAT 29.7 
Globin 3 9.5 511 34.5 
W.C. (I), 68, M. Control (3 2.6 103 
99 453 Globin 3) 1.9 104 
Globin 3) 2.8 522 
W.C. (II), 68, M. Control (3) 2.0 193 63.5 
20 /8O0 Globin ) 2.6 02 85.6 
Globin (3 95 PYG 109.1 
Globin 2) 3.0 230 120.5 
Crk. (46. F. Control 2 $.0) 5dS 17 
32 /82 Globin i 6.7 163 2.3 
Globin } ) SS 542 5.4 
M. B., 44, F. Control >) 0.27 72 5 
32 /140 Globin (3 0.2 L106 Lt 
Globin (4) 0.5 8 6.8 
Globin (4 Ly 398 63.0 
Bo D., Si,. MM. Control (3) 11.6 693 142.4 O.205 28.7 
18 /70 Globin (2 14.4 701 125.8 0.179 56.1 
Globin 2) 13.4 648.5 117.9 Q.1S2 110.6 
Globin (2) 13.6 699.5 LOS.4 0.155 129.2 
B. Patients Without Ascites 
J... 52, M. Control (3) S.S 379 71.0 0.187 
3 /80 Globin 3 5.3 325 103.0 0.317 
Globin (3 1.7 33 69.0 0.208 
D: R53, M. Control (3) 0.7 918 »g () 
95 /90 Globin (3 1.0 995 12.0 
Globin (4) 2.6 261 98.0 
L. Q., 43 F. Control (5) 6.7 19] 121 0,246 15.5 
32 /110 Globin (3 6.8 399 17 0.293 15.1 
Globin ! 6.6 439 119 0.975 78.1 
J.R., 43, M. Control (3) 6.3 560 115 0,205 24.0 
32 /100 Globin (3 9.7 545 14s 0.27 35.8 
Globin (3 5 ef 152 143 0.316 38.4 
M.S., 44, F. Control (3) 1.9 313 67 0.214 67.1 
32 /100 Globin 3) 4.8 316 59 0.187 176.0 
Globin }) 6.1 316 65 0.206 230.4 
C.C., 44, M. Control (2) 9.1 3atZ 62.2 0.205 19.9 
32 /60 Globin 3) 9.4 467 76.2 0.163 302.2 
Globin (2) 8.3 184 67.9 0.139 Soe 


All data represent the average of the number of consecutive periods in parentheses 


All data converted to standard 1.73 m*. 


increase in urine flow per minute. This immediate effect of modified human 
elobin is more marked than is seen with the administration of an equivalent 
weight of serum albumin. In three of these six patients there was an apparent 
significant inerease in the renal plasma flow over control levels. Patient W. C 
was tested on two occasions, both times with ascites. In the first experimen 
(W.C.1) the patient had a rapidly reaccumulating ascites with marked periph 
eral serotal and penile edema, and on the second occasion (W.C. IT) afte 
approximately 5 liters of ascitie fluid had been removed by paracentesis. | 
will be noted that the effects of similar doses of globin caused a greater increas 
in urine flow on the second occasion with a diminution of the amount of ascites 
whereas the reverse effects occurred as regards the renal plasma flow. 
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In Subject H. D. globin was infused at a tairly rapid rate (17 ml. per 


minute) and seemed to induce no remarkable changes in renal plasma flow; 
there was a tendency to a gradual fall in glomerular filtration rate and filtration 
fraction. 

Il. Lffects of Globin Administration on Renal Function in Cirrhotics With- 
out Ascites (B, Table 1).—In this group of patients (excluding subject C. C.) 
none showed any remarkable changes in urine flow or renal plasma flow over 
control levels. The glomerular filtration rates in four patients of this group 
likewise showed no remarkable variations from the control levels, although two 
showed some increase (.J. HL., a transient rise, and J. R., a sustained rise). 

In subject C. C. globin was infused fairly rapidly (13 ml. per minute) and 
induced a sustained increase in renal plasma flow with a transient rise in filtra- 
tion rate and a tendency to a decrease in filtration fraction, 

Lil. Kffect of Globin on Sodium Evrcretion (See Table 1)—The most signifi- 
cant and consistent change observed in the cirrhotics treated with globin was a 
rise in the rate of exeretion of sodium. The rise in exeretion varied from 58 
per cent to over a 850 per cent increase in urinary excretion of sodium. 
While most patients had more than a threefold increase when globin was infused 
at a rate of approximately 0.8 Gm. per minute, at the usual infusion rate, in 
one subjeet (C. CL.) without ascites, there was over a fifteen fold increase in sodium 
excretion per minute without a remarkable rise in urine flow, when globin was 
administered at a rate of 0.5 Gm. per minute. 

IV. Effects on Blood Pressure and Iematocrit.—No significant alterations 
in the blood pressure or hematocrits were observed during the experimental 
period in most patients studied as acute short term experiments; two subjects 
who showed a falling hematoerit received globin at rapid rates. 


DISCUSSION 


Many investigators have found that the multitude of factors acting in the 
levelopment of edema and ascites in cirrhosis are rarely controlled completely by 
ny single therapeutic agent. Therapeusis of cirrhosis now hinges on agents 
hich will alter one or more of the deleterious factors contributing to the clinical 
icture. Although modified human globin would probably help in refilling a 
‘pleted protein metabolic pool, and reduce or reverse the positive sodium 
ilanee usually found in cirrhoties, the results of prolonged administration 
‘e yet to be determined. 

Although the studies carried out in these patients were of short duration, we 
vard the evidence of consistently increased sodium exeretion as conelusive 

oof of a useful action. The acute renal effects of globin administration are 
the right direction: a tendency to diuresis, increased renal plasma flow, and 
creased glomerular filtration rate. It has been firmly established that strict 
lium restriction will retard the formation of ascites.’ Two of the four patients 
thout ascites had normal glomerular filtration rates; normal filtration rates 
ve been previously reported in patients with ascites.t.| This would indicate-a 
ther level of sodium reabsorption as the cause of the sodium retention regularly 
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observed, and a decline in this level following globin infusion. Ilow the infusion 


acts on tubular reabsorption is unknown, but osmotic diuresis, as with mannitol, 

































may contribute, since the globin is excreted in the glomerular filtrate. 

Previous studies in normals® indicate that administration of modified human 
globin has no striking effects upon the excretion of salt and water. In the 
studies of Orloff, Welt, and Stowe!’ with serum albumin it was apparent that 
the primary diuretic action of albumin in edematous patients was to promote 
a diuresis of water, and if water is lost in excess of salt, to elevate the concen- 
tration of sodium in the extracellular compartment and an increased excretion 
of sodium ensues. In normals given serum albumin, response depends upon the 
balance of actions between the colloid osmotic pressure and the plasma volume.” 
Although modified human globin, as now available, is probably a mixture of 
various molecular sizes, approximately 90 per cent is one-half that of serum 


albumin. This fact would account for a considerably greater theoretical oncotic 





effect than similar amounts of serum albumin, and could account for a diuresis 
on the basis of an expanding plasma volume, This fact is borne out in two 
subjects who had a falling hematoerit with a rapid globin infusion. Since con- 
siderable quantities of globin may pass the glomerular barrier and are reabsorbed 
by the tubules, sodium reabsorption might be partly blocked even though PAH 
excretion is not interfered with. 

Although the globin used in these experiments contained approximately 1 
Gm. N,Cl per unit (17 meq Na) this amount of sodium was usually administered 
over a relatively long period of time and was followed by a more marked sodium 
diuresis than one would expect from equivalent concentrations noted in *‘salt 
loading’’ studies in cirrhoties.'2 As with serum albumin, modified human globin 
tends to increase filtration rate and renal plasma flow, with a fall in filtration 
fraction. It would seem that a slight hyperemia is induced in the glomeruli. 
The unusual feature of modified human globin as compared to the published 
data on the effeets of albumin infusion on chloride and presumably on sodium 
exeretion, is that with globin an electrolyte diuresis occurs without a remarkable 
water diuresis. The administration of globin did not cause detectable weight 
loss or significantly retard accumulation of ascitic fluid. The maximal rise in 
sodium excretion was 0.3 meq. per minute, or 18 meq. per hour for a few hours; 
the average rise was far less. 

The present study did not evaluate such factors as portal venous pressure 01 
ascites as causes in the alterations noted in renal hemodynamies and electrolyt 
excretions. The refractoriness which might be encountered in some patients 
may be related to these factors. 





CONCLUSIONS 


Single intravenous infusions of modified human globin were administered t 





twelve cirrhotics, six with ascites and six without. The effects of these infusion 






on renal dynamics, water and sodium excretion, glomerular filtration rate an: 
renal plasma flow were noted. 
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There was a consistent and often marked rise in the excretion of sodium per 
minute during the administration of globin. This was not associated with weight 
loss or significant slowing in the subsequent reaccumulation of ascites. 


The authors wish to express their thanks to Misses Marjorie Tyree and Sarah Farrel 
for technical assistance. 
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RATES OF EQUILIBRATION OF INULIN AND MANNITOL BETWEEN 
PLASMA AND INTERSTITIAL WATER IN EDEMATOUS STATES 
JuLtes H. Last, M.D., Pu.D., Geratp O. McDonaup, M.D., 

Ricuarp A. Jones, M.D., ANp E. E. Bonn, B.S. 

CHICAGO, ILL. 


UANTITATIVE measurement of the extracellular fluid phase is essential 
O to an understanding of disturbances in body water distribution. Numerous 
solutes have been used to measure the volume of the extracellular phase. These 
include thiocyanate,'* sodium,’ sulfate,? bromide,” 7 and chloride.*-?  Reeently 
a series of three carbohydrates, sucrose,” '’ mannitol,''!* and inulin!’ 1°!" have 
been extensively studied. These substances obviate the disadvantage of variable 
entrance of electrolytes into cells, diffuse into a smaller space of distribution, 
and presumably more accurately estimate the extracellular volume. 

Inulin spaces can be measured by the infusion-recovery method. The 
quantity of inulin recovered in the urine following a continuous intravenous 
infusion is divided by the plasma concentration at equilibration to obtain the 
volume of distribution of inulin. It has been reported that in normal subjects 
approximately five hours of continuous infusion are required to attain uniform 
distribution of inulin.’ '* It has been concluded'’ that the inulin space repre- 
sents the best measure of extracellular volume thus far available, since the inulin 
space as measured by the infusion-recovery method yields the lowest values for 
extracellular fluid volume plus the fact that all previous substances used are 
known to either enter cells or to be partially metabolized. The disadvantages 
in the use of inulin are (1) the necessity for a continuous intravenous infusion, 
(2) relatively difficult analytic methods, and (3) the slow rate of diffusion of 
the large inulin molecule (molecular weight, 5,100) into interstitial fluids. 

Recently, an intusion-decrement technique using mannitol has been re- 
ported for the measurement of the extracellular volume.’* The volume and dis- 
tribution of mannitol were caleulated by dividing the total clearance by the 
decrement with time of the natural logarithm of the plasma mannitol concen- 
tration. The volumes of distribution of mannitol and inulin were measured 
simultaneously in normal human subjects, and close correspondence between 
the inulin and mannitol spaces was obtained.'> The authors coneluded that 
these data attested to the validity of both methods for measuring the extra 
cellular fluid volume in normal man. 


From the Department of Experimental Medicine, Northwestern University Medical School 
Chicago, Ill., and the Veterans Administration Hospital, Hines, III. 

This investigation was supported by research grants from the Veterans Administration 
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Investigations employing mannitol and inulin have been for the most part 
limited to normal human subjects. It is desirable that methods proposed for 
the measurement of extracellular volume be applicable to edematous. states. 
Since in the use of both inulin and mannitol, continuous infusion is maintained 
to the point of equilibration between plasma and interstitial water, it is essential] 
to know how much time is required before equilibration occurs between plasma 
and edema fluid. Although a few reports are available on isolated patients in 
this connection,’* '’ the problem has been insufficiently investigated and is the 
hasis of the present study. 


METHODS 


In the present investigation, three groups of subjects were studied: (1) normal adult 
men, (2) cirrhotic patients with ascites, and (3) patients with congestive heart failure. The 
subjects were allowed food and water ad libitum, but were kept recumbent in bed throughout 
the experimental procedure. No preliminary hydration was employed. Prior to infusion, 
blood samples were obtained for determination of plasma blanks. A priming injection of 
mannitol and inulin was followed by a constant sustaining infusion for eight and twenty-four 
hours, respectively. Plasma levels of inulin were maintained between 20 and 40 mg. per cent, 
and those for mannitol between 100 and 200 mg. per cent. All solutions were prepared in 
0.45 per cent saline solution. A Bowman constant injection pump delivered the sclutions at 


an average rate of 1.90 ml. per minute, with a mean variation of 3.5 + 2.5 per cent in the 


volume flow per minute. 

Ascitic fluid was obtained in cirrhotic patients by means of an indwelling nylon catheter 
introduced into the peritoneal cavity through a 17-gauge needle.2° Blood and ascitic fluid 
samples were obtained simultaneously at two, four, and eight hours during the mannitol in- 
fusion, and at eight and twenty-four hours during the inulin infusion. In patients with con 
gestive heart failure, peripheral edema fluid was obtained by the subcutaneous insertion of 
16 gauge needles specially prepared with numerous small holes bored along the barrel. Serial 
interstitial fluid and blood samples were simultaneously obtained as described above for ascitic 
fluid. The mannitol infusion was stopped after eight hours, while the inulin infusion was 
maintained for twenty-four hours. Blood samples were drawn at hourly intervals for three 
ours following the cessation of the mannitol infusion. Mannitol was infused for some six 
hours beyond the time required for equilibration in normal subjects,1? whereas inulin was 
infused for eighteen hours after the six hours required for equilibration in normal subjects.17 
Inulin was determined by Harrison’s?! modification of the method of Alving, Rubin, and 
Miller.22. Mannitol was determined by the method of Corcoran and Page.2% In recovery 
‘xperiments from plasma, inulin recovery averaged 98.7 + 2.5 per cent, whereas the mannitol 
ield was 100.1 + 6.5 per cent. The plasma concentrations of inulin and mannitol were cor- 


ected for water content on the basis of plasma protein determinations. 


RESULTS 

Ascitic fluid concentrations of inulin were significantly lower than those 
f plasma after twenty-four hours of continuous infusion (Table I). Likewise, 
nulin failed to equilibrate between plasma and interstitial edema fluid within 
twenty-four hour period of infusion (Table II). The mean rate of equilibra- 
ion in interstitial edema fluid appeared to be slower than in ascitic fluid. It 
as of interest to note that although inulin did not equilibrate after twenty-four 
ours, in four out of seven of the cardiae patients edema fluid was being 
iobilized, as was evidenced by obvious decrease in the amount of edema during 
ie inulin infusion. Thus it would appear that the larger inulin molecule experi- 
need difficulty in diffusing across the capillary endothelium while the smaller 
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TABLE I. RATES OF EQUILIBRATION OF INULIN BETWEEN PLASMA AND ASCITIC FLUID 
IN PATIENTS WITH CIRRHOSIS OF THE LIVER 












CONCENTRATIONS OF INULIN (MG. PER CENT) IN PLASMA WATER AND ASCITIC 
FLUID DURING A CONTINUOUS INTRAVENOUS INFUSION 








TIME TO 
EQUI- 
S HOURS 24 HOURS LIBRATION 
PATIENT “ag At DIFF. GS p* At DIFF. 4 aN (HOURS ) 
Ls Vis 4. 18.6 12.8 5.8 31.2 16.6 14.2 2.4 14.5 > 24 
2. N. N. 20.1 9.3 10.8 | 53.7 24.7 | 18.7 6.0) 24.3 24 
TEN ae ee vA es 10.1 112 52.6 19.8 15.9 3.9 19.7 24 
7. a ee a8 12.1 | 55.3 92.2 | 17.3 19 22.1 24 
Mean 20.5 10.5 10.0 18.2 20.8 16.5 1.3 20.1 >24 
Standard 
deviation -- 2.8 11.4 15 i2 


*Plasma inulin concentrations. 
+Ascitic fluid inulin concentrations. 
{Difference — P-—A 

. : wi Pp-—A ' 
Per cent per cent Difference = x 101 
Patient markedly distended, jaundiced; very ill. 


TABLE IT. RATES OF EQUILIBRATION OF INULIN BETWEEN PLASMA AND PERIPHERAL EDEMA 
FLUID IN PATIENTS WITH CONGESTIVE HEART FAILURI 


CONCENTRATIONS OF INULIN (MG. PER CENT) IN PLASMA WATER AND EDEMA 
FLUID DURING A CONTINUOUS INTRAVENOUS INFUSION 


TIME TO 


: _ vy, EQUI- 
ee 24 HOURS LIBRATION 
PATIENT P* Et DIFF.t GY p* Et DIFF. GS (HOURS ) 
1M. F. 20.5 3.1 17.4 | 84.9 S 8 
~ aS (i 21.1 1.4 16.7 79.1 23.8 16.3 tas 31.5 S24 
3. ae aa 14.1 3.0 LOLS 76.6 13.9 9.2 1.7 33.8 S24 
i, &. OS 22.9 5.2 Whee : i - - - >. 
5.P.GI 15.6 | 4.9 10.7 | 68.6 16.2 7.2 0.0 55.6 S24 
6. A. A. 10.3 7.0 Je 32.0 10.4 1a oT 26.0 S94 
“Mean 17.4 1.6 12.8 | 69.7 16.1 10.1 6.0 36.7 ee 
Standard 
deviation - - 5.6 19.2 — 2.8 13.0 —_- 


*Plasma inulin concentrations. 
*+Edema fluid inulin concentrations, 


tDifference P-E 
: se P-E 
§Per cent = per cent Difference P x 100 


Edema fluid rapidly subsided during infusion. 
"Patient went into acute failure during the infusion. 


water molecules were diffusing out of the interstitial space. In contrast to 
inulin, mannitol diffused more rapidly into the ascitie fluid (Table IIT). Equili 
bration occurred between plasma and ascitie fluid water within eight hours 
Mannitol failed to equilibrate with peripheral edema fluid within eight hours 
in a series of six patients with congestive heart failure (Table IV). In tw 
patients, in which the mannitol infusion was continued beyond eight hours 
one equilibrated within 9.3 hours, whereas the other required more than sixtee) 
hours. 
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DISCUSSION 


In the determination of the inulin space by the infusion-reeovery method 
and the mannitol space by the infusion-deerement method, it is necessary that 
equilibration has occurred at the time that the infusion is stopped.  Sinee 
mannitol and inulin are of grossly different molecular sizes, one might expect 
these solutes to diffuse into the interstitial phase at different rates. One might 
also expect that these solutes would diffuse into various types of edema fluid at 
different rates. The data reported in this paper support both of these assump- 
tions. As was to be expected, mannitol* diffused more rapidly than inulint 
into both aseitie fluid and peripheral edema fluid. After twenty-four hours of 
continuous infusion, inulin failed to equilibrate with either aseitie fluid or 
peripheral edema fluid, whereas mannitol equilibrated between plasma and 
ascitie fluid in less than eight hours. In striking contrast, mannitol failed to 
equilibrate within eight hours or for that matter even within sixteen hours be- 
tween plasma and peripheral edema fluid. 

In patients with ascites of long duration, one might assume that such 
ascitic fluid would be relatively adynamie in contrast to peripheral edema fluid 
which ean be mobilized in patients with congestive failure. The data indicate 
that both inulin and mannitol experienced greater difficulty in diffusing through 
peripheral capillary beds into the interstitial phase of the lower limbs than 
across the peritoneal capillaries into ascitic fluid. 


SUMMARY 


Inulin and mannitol equilibrated at a faster rate across the peritoneal 
capillaries in eases of cirrhosis with ascites than across the peripheral limb 
capillaries in cases of congestive heart failure with dependent edema. 

The continuous intravenous infusion of mannitol in patients with ascites 
resulted in equilibation in approximately eight hours. Mannitol failed to equi- 
librate between plasma and peripheral edema fluid following eight hours of con- 
tinuous infusion in a series of patients with congestive heart failure. 

Inulin failed to equilibrate between plasma and interstitial water even after 
‘wenty-four hours of continuous infusion in patients with cirrhosis with aseites 
ind congestive heart failure with peripheral edema. The determination of the 
nulin space in edematous patients by the infusion-recovery method would ap- 





ear to be impractical in view of the failure to equilibrate within a reasonable 
eriod of time. 


The authors are indebted to Dr Smith Freeman for his helpful criticisms in the planning 

id execution of these studies. The authors also wish to acknowledge gratefully the support 

id unfailing interest of Dr. Charles B. Puestow, Chief of the Surgical Services, and Dr. Lyle 
Baker, Chief of the Medical Services at Hines Hospital. 
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PHYSIOLOGICAL CHANGES DURING PERFUSION OF THE ISOLATED 
INTESTINAL LOOP IN CHRONIC UREMTA 


WALTER S. THompson, JR., M.D..* Jack J. Lewis, M.D., 
AND ALF 8S. ALVING, M.D. 
CHIcAGco, ILL. 


HOUGH many procedures have been devised in attempts to tide patients 

over periods of acute renal failure, relatively few reports have dealt with 
attempts to design methods for treatment over extended periods of chronic 
renal insufficieney. Only within the past few vears has perfusion of isolated 
segments of the bowel’ or of the intact gastrointestinal tract*® been used to 
try to alleviate the clinical effeets of ehronie renal failure. All methods have 
succeeded in lowering blood urea levels, but difficulties have been encountered 
with blood level changes of various electrolytes; particularly the sodium, potas- 
sium, and calcium ions. There is also evidence!” '! that ion movements across 
the intestinal membrane vary at different levels of the gut. At the ileal level 
there have been few studies on the electrolyte composition of the succus en- 
tericus,’* '* and there are no reports of urea extraction, fluid balance, and ion 
exchange in the ileum of patients with chronic renal disease. 

In this paper observations of electrolyte, urea, and fluid exchange during 
attempts to treat two patients terminally ill from chronie uremia by perfusion 
of an isolated ileal loop are presented. The physiologic implications of the 
results, and the possible theoretical advantage of the choice of a segment of 
the intestinal tract other than the terminal ileum for perfusion are discussed 
in the light of the complications and obstacles to therapeutic success that were 
encountered, 

The two patients studied had chronie renal insufficiency of long standing. 
In one (J. J.) uremia was secondary to renal amyloidosis, in the other (M. H.) 
it was caused by polyeystie kidney disease. In each patient approximately six 
feet of the terminal ileum was isolated, with its blood supply intaet, and per- 
fused after the ends of the loop were brought out through incisions in the 
ower abdominal wall. Both patients died. It cannot be stated unequivoeally 
‘hat the procedure prolonged life. 


PROCEDURE 
Operation.—Both patientst were operated under spinal anesthesia, the ileum being 
sualized through a midline abdominal incision. The ileum was transected at two points, 


> inches and 10 inches, proximal to the ileocecal valve; the mesentery was left intact. The 
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ealth Service. 
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+The surgery was performed by Dr. Dwight E. Clark. 
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The ends of the isolated ileal loop were 


proximal and distal bowel were reanastomosed, 


brought out through incisions made in the upper portion of each lower abdominal quadrant. 


The abdominal incision was closed. In each ease the operative procedure was uneventful. 


Perfusion in patient J. J. was started thirty hours postoperatively and continued for 
ninety-six hours until death, In patient M. H., the perfusion was started thirty hours post- 
operatively and carried out intermittently during the thirty-one days following operation for 
periods varying from eight to forty-eight hours. 

Apparatus and Perfusion Technique-—The apparatus used in perfusing the isolated 
ileal loop is presented in Fig. 1. The perfusing solution was introduced into the proximal 
end of the isolated loop via a soft rubber catheter inserted approximately 15 em. to prevent 


excessive back flow from rapid rates of flow. Leaking at the ileostomies was minimized by 


attaching condoms over the ends of the protruding bowel. Fluid was collected from the 
distal end of the loop by a wide (1.0 em. I.D.) semi-rigid rubber tube inserted into the tip 


of the condom. Flow through the loop had an intermittent constaney as a result of the 


peristaltic activity of the bowel. 
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Diagram of apparatus for perfusion of an isolated intestinal loop. 











When the perfusing fluid was altered as to be free of a particular substance, th 
reservoir was rinsed with distilled water before starting the fluid. A minimum of 5 lite 
of each special solution was allowed to pass through the loop before a sample was take 


from the collecting bottle. 





Composition of Perfusing Fluids.—The perfusion fluids used are shown in Table 
Solution I was essentially the same structure as the ‘‘P’’ solution of Odel and Ferris!4 a1 
the peritoneal lavage solution of Kolff.1 Calcium gluconate was used in Solution I 

raise the calcium concentration without adding further chloride. During several phases « 
the study, Solution IL was so altered that it was free of potassium or caleium and phosphat 


Distilled water was used throughout. 
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TABLE ] 


SOLUTION I SOLUTION II 
SOLUTE GM./L. GM./L. 
A, Structure of Perfusing Solution I (Patient J. J.) 
and Solution II (Patient M. H.) 

Sodium Chloride 6.0 

Potassium Chloride 0.2 

Caleium Chloride 0.28 

Calcium Gluconate 

Magnesium Chloride 

Sodium Acid Phosphate 0.05 

Sodium Bicarbonate 3.0 

Dextrose 20-15 

B. TIonie Composition of Perfusing Solutions 

Sodium (meq/L. 139.5 

Potassium (meq/L.) 2.69 

Calcium (mg. %) 

Phosphate (mg. %) 

Magnesium (mg. %) 

Chloride (meq/L.) 

Bicarbonate (meq/L. 


METHODS 


Analyses of blood, perfusing fluid, and perfusate were performed as follows: urea 
nitrogen by the Van Slyke gasometrie method;!5 calcium, magnesium, and phosphorus by 
the modified methods of Eichelberger and Bibler;16 sodium and potassium by the Beekman 
flame photometer;!* glucose by the Shaeffer-Hartman-Somogyi procedure ;18 serum earbon 
dioxide content by the method described by Van Slyke and Neill;19 serum pH by Cullen’s 
method ;2° and chloride by the method of Schales and Schales.21. Blood samples were drawn 
each morning at approximately 8:00 A.M., and in the case of J. J. at other times as indicated. 
\liquot samples of perfusing fluid were taken from the collecting bottle after thorough 
mixing. 

CASE HISTORIES OF THE PATIENTS REPORTED 

Case 1.—J. J. (416193). This 29-year-old white man was admitted for the second and 
ast time to Billings Hospital in October, 1948. His history revealed that he had a draining 
nus due to osteomyelitis of the left hip from 1939 to 1945. He developed a sore throat 
ite in 1946 followed shortly by severe occipital headaches, vomiting, elevated blood pressure 
‘adings, and albuminuria. In 1947 his blood pressure was 180/120. Urinalysis revealed 
atty casts, white blood cells, and double refractile fat bodies. A diagnosis of chronie 
omerulonephritis with secondary hypertension was made; renal amyloidosis secondary to 

e osteomyelitis was considered an improbable second diagnosis. 
This patient was admitted to the hospital for the first time in September, 1948, because 
exertional dyspnea, easy fatigability, and a sore throat. Blood pressure was 200/130; 
‘tic fundi were not remarkable; heart and lungs were clear; the liver was not palpable; 
d there was pitting edema. Urinalysis showed a 3 plus albuminuria and white blood cells. 
emoglobin was 6 grams. <A throat culture grew out beta-hemolytic streptococcus. He 
eived transfusions and antibiotics and, feeling better, signed himself out of the hospital. 


At home he developed severe nausea, vomiting, paroxysmal nocturnal dyspnea, and 


se bleeds. In October, 1948, at the patient’s request, he was readmitted to the hospital. 
od pressure was 185/142; the lungs were clear; the left border of cardiac dullness was 


em. in the fifth interspace; a firm, sharp, and nontender liver edge was palpable 2 em. 
ow the right costal margin. There was 2 plus pitting edema of the lower extremities. 
nalysis revealed specific gravity 1.005, a 3 plus albuminuria, red cells, and numerous 
line and granular casts. Hemoglobin was 12.5 Gm., and red blood cell count 3.8 million. 
e blood urea nitrogen was 114.7 mg. per cent; serum CO, was 19.2 mM per liter; serum 
ride 96.8 mM per liter; plasma protein 6.94 Gm. per cent (albumin 3.3 Gm. per cent and 
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globulin 3.63 Gm. per cent); serum calcium 8.3 mg. per cent; and serum phosphorus 11 mg. 


per cent. Phenolsulfonphthalein excretion in one hundred twenty minutes was 1.75 per cent. 






Nose and throat cultures were negative for beta-hemolytie streptococcus. The electrocar 





diogram showed left ventricular strain, 





Following admission, his blood urea nitrogen steadily rose, and he continued nauseated 


and vomiting until November 11. On November 19, the patient’s sensorium was clouded. 





He was placed on exsanguinating transfusions which reduced his blood urea nitrogen from 





131.3 mg. per cent to 119.8 mg. per cent. On November 28, he developed a friction rub. The 





patient rapidly began to deteriorate, being unable to recognize people or objects around him. 





On December 13, he was taken to surgery and a loop of ileum was isolated. The next day 






perfusions were started through this loop. 





On December 16, the patient was responsive and able to read a newspaper, but on 





December 18, he responded poorly, His ankles and elbows were edematous, the heart tones 
sy 10 p.m. he was in frank tetany. Intra- 





were distant, and there was a pericardial effusion. 1 





Magnesium sulfate did not 





venous calcium gluconate gave little relief, even in huge doses. 





stop the tetanic convulsions. He became apneic and died several minutes later at 1:20 A.M. 





Autopsy revealed generalized amyloidosis. 








CASE 2.—M. H. (481325). This 45-year-old white man entered Billings Hospital for 





the fifth and last time on March 4, 1949. His previous hospitalizations, dating from April, 





1948, had revealed bilateral polyeystic kidney disease with hypertension, anemia, cardiomegaly, 





hepatomegaly, renomegaly, cardiac failure, acidosis, hypocalcemia, hypertensive retinopathy, 





and uremia. 
His previous therapy included numerous blood transfusions, a low protein diet, anti- 





bioties when needed, caleium gluconate, aluminum hydroxide, and digitalis. 





The interval between hospitalizations decreased, and it was only one month after his 





previous hospital discharge that he was admitted for the last time. 





Physical examination revealed a thin, stuporous white man, Blood pressure was 210/110; 





in the fundi the discs were well outlined; the A-V ratio was 1:2 peripherally and 2:3 cen 





trally; there was a very slight A-V nicking with a moderate widening of the light reflex; 





there were two small hemorrhages in the left nasal field, but no exudates. The breath was 





uremic. There was moderate costal vertebral angle tenderness. There were bilateral basilar 





moist rales in the lungs. Left border of cardiac dullness was 10.5 cm. in the fifth interspace. 


A-2 was greater than P-2. There was a short, harsh, decrescendo, low-pitch basal murmur 






heard best over the aortie area and transmitted to both shoulder regions. The abdomen was 





distended. There was a regular, firm, tender liver edge four fingerbreadths below the costal 





margin. The kidneys were markedly enlarged, firm, irregular, and exquisitely tender. 





Urinalysis showed a specific gravity of 1.007, 2 plus albumin; 4 cellular casts, 1 to 2 red 
blood cells, and 6 to 10 white blood cells per high-power tield. The red blood count was 2.5 





million; the hemoglobin was 7.25 Gm.: white blood count was 10,500. Stools were negative for 





blood; the blood urea nitrogen was 194 mg. per cent; the blood nonprotein nitrogen was 
215 mg. per cent; the serum CO, 10.5 mM per liter; the serum chloride was 107.5 mM per 






liter; pH 7.13; serum calcium 5.8 mg. per. cent; serum phosphorus 10.5 mg. per cent; total 





plasma protein 6.76 Gm. per cent (albumin 1.56 Gm. per cent and globulin 5.2 Gm. per cent 





Urea clearance by standard formula was 1 ml. per minute. 





He was treated intensively, and on March 15 a loop ileostomy was constructed. O1 





March 16, perfusion through the loop was started. By March 23, he was sitting up in 


chair, and walking. He was kept on intravenous calcium gluconate as muscular twitching: 






and complaints of numbness appeared to be the most pressing problem. He began com 





plaining bitterly of epigastric burning, and had continuous green-black involuntary bowe 





movements, all benzidine positive. He became less alert; his temperature began to rise, an 





twitchings of the extremities became more marked. Though grams of urea were bein 





removed by way of the intestinal loop, his blood urea nitrogen began to rise. By April 1: 





he had been unresponsive for thirty-six hours. His respirations became more labored, an 





he expired at 12:45 a.M. on April 14. 
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Autopsy revealed the heart to be only slightly enlarged; there was a very sparse pneu- 
monia. Many of the renal cysts bilaterally were infected and there was little recognizable 
kidney tissue to be seen. There was an ulcerative cystitis. Numerous small bleeding points 
were present in the intact gastrointestinal tract, but in the ileal loop no bleeding points were 


seen. The mucosa of the loop was microscopically normal, 
RESULTS 
In patient M. H. only two perfusion periods were observed in which vomit- 


ing and intestinal bleeding did not complicate the procedure. Data obtained 
during Period I (the day preceding operation to the third postoperative day) 


M.H. 


' DAY OF 
OPERATION 
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Fig. 2.—Changes in chemical constitution of blood serum before and after perfusion of 

intestinal loop and administration of intravenous calcium during Period I of patient M. H. 
€ gray vertical bars with black bases represent duration of perfusion. 
d during Period II (nineteenth to the twenty-third postoperative days) are 
‘sented in Figs. 2 and 3, respectively. Data on fluid balance, urea excretion, 
| electrolyte exchange within the intestinal loop are taken from these and 
m other perfusion periods. 

The data obtained in patient J. J. are presented in Fig. 4. 

Fluid Balance in the Intestinal Loop.—The volumes of fluid introdueed 
o and recovered from the loop in patient M. H. with the variables of glucose 
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concentration and rate of flow are presented in Table If. The volumes re- 
covered were essentially equal (+ 3 per cent) to the volume introduced into 
the loop. 

In patient J. J., 182 liters of fluid were introduced into the loop during 
ninety-six hours of perfusion, and 125 liters were recovered. Leakage decreased 


the accuracy of this latter value. 
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_ Fig. 3.—Changes in chemical constitution of blood serum before and after perfusion ol 
an intestinal loop and administration of intravenous calcium during Period II of patient M. H 
The gray vertical bars with black bases represent duration of perfusion. 


TABLE II. FLuIp BALANCE IN THE ISOLATED ILEAL LOOP. PERFUSION SOLUTIONS CONTAID 
VARYING CONCENTRATIONS OF GLUCOSE AT VARYING RATES OF FLOW* 


PERFUSING SOLUTION 


HOURS RATE OF LITERS LITERS 
OF FLOW GLUCOSI LITERS LITERS HR. HR. 

PER (C.C./ (GM./ INTRO RE- INTRO- RE- 
DATE FUSION MIN.) | L. DUCED COVERED DUCED | COVERED | NET/HR. 
3/16 14.5 24 25 20.5 21.2 1.41 1.46 -0.05 
3/17 10 33 25 19.5 20.2 1.95 2.02 -0.07 
3/23 8.9 20 20 10.4 10.37 1.22 1.22 +0.00 

15 

3/29 7.5 33 15 22.9 22.7 3.05 3.03 +0.02 
4/1 2 7] 30 10.6 10.3 1.24 4.12 +0.12 
4/5 5 11] 25 33.4 34.1 6.68 6.82 -0.14 
4/ 7 3.0 81 25 17 17 1.86 4.86 +0.00 
4/9 10 60 25 35.7 34.3 3.57 3.43 40.14 
4/10 21 61 20 4400 77.6 3.68 3.70 -~0.02 


*All data presented are from patient M. H. 
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The following data, except when specifically indicated, were obtained from 
patient M. H. 
NONELECTROLY TES 


Urea——Blood urea nitrogen was consistently lowered by perfusion. The 
average time of the five perfusions during Periods I and II was fourteen hours 
(ten to sixteen hours). The average blood urea nitrogen concentration decrease 
following each perfusion was 15.38 mg. per cent (11.5 to 21.1 mg. per cent). 
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IN ; Fig. 1.—Changes in chemical constitution of blood serum before, during, and after per- 
sion of an intestinal loop and administration of intravenous calcium in patient J. a Sue 
‘y vertical bar with black base represents duration of perfusion. 





s shown in Fig. 5A, the concentration of urea nitrogen in the perfusion fluid 


r-covered from the loop varied inversely with the rate of flow of the perfusing 


R. ra = : ; : : 
7 lution. The maximum concentration obtained was 82 mg. per cent from a 
w of 29 ml. per minute; the minimum was 31.1 mg. per cent from a flow 
) ; = : : 

© 123 ml. per minute. Total urea nitrogen extracted per hour ranged from 
: 115 to 3.08 Gm. This value varied directly with the flow as indicated in Fig. 
: Blood urea clearance (1) ) through the loop is presented in Fig. 5C and 
4 ied from 8 to 35 ml. per minute, with an average of 20.6 ml. per minute. 


patient J. J., the blood urea nitrogen level decreased from 115 mg. per cent 
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to 86 mg. per cent during ninety-six hours of perfusion (Fig. 4). Blood urea 
clearance through the loop varied from 5 to 10 ¢.e. per minute, with an average 
of 7.5 ¢.c. per minute. 

Glucose.—The blood glucose concentration was 189 mg. per cent after six 
hours of perfusion with a fluid containing 25 Gm. of glucose per liter. On 
another day, the blood glucose level was 181 mg. per cent nine hours after the 
completion of an intravenous infusion of 1,500 ml. of 5 per cent glucose in 
distilled water when there was no perfusion. Therefore, glucose was appar- 
ently absorbed from the loop during perfusion. 
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Fig. 5.—The relationship between removal of urea nitrogen by the intestinal loop and the 
rate of perfusion of fluid through the loop (+, patient J. J.; 0, patient M. oes 








ELECTROLYTES 

Carbon Dioxide and Hydrogen Ion Concentration.—In Period I the serur 
earbon dioxide content rose from 15.2 to 25.2 mM per liter, and the serum p] 
from 7.30 to 7.46 as a result of intensive preoperative alkali therapy. Durin 
perfusion, the carbon dioxide content remained essentially unchanged (decrease 
from 21.3 to 20.0 mM per liter) and the pH fell to 7.37, During Period II tl 
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dioxide eontent increased from 14.1 to 16.4 mM per liter and Was 
Patient J. J. demonstrated 





earbon 
accompanied by a rise in pHf from 7.29 to 7.56. 
an inerease in earbon dixoide content from 16.9 to 23.0 mM. per liter and a pH 
increase from 7.28 to 7.34. 

Chlorides—In all eases (igs. 2, 38, and 4), there was an increase of serum 
chloride level during perfusion, The rise from $8 to 110 mM_ per liter fol- 
lowing 24.5 hours of perfusion in Period I (Fig. 2) was the greatest observed. 
The inerease in Period IL was from 89 to 101 mM per liter, and in patient J. J. 
from 84.4 to 91.2 mM per liter. 

Chloride concentration in the perfusing fluid was not significantly affected 
by passage through the loop (Table TIT). An essentially chloride-free perfusing 
fluid (0.04 mM _ per liter) had a chloride concentration of 4.16 mM _ per liter 
after perfusion. 

Sodium.—Serum sodium levels inereased during perfusion. In Period 1] 
(Fig. 2), it rose from 131.8 to 152.8 meq. per liter. About one-half of this rise 
is estimated to be due to the preoperative alkali therapy. In patient J. J., 
there was an increase in serum sodium from 117 to 129.4 meq. per liter. 

The sodium concentration of the perfusing fluid decreased during passage 


through the loop. As shown in Table IIT, this deerease ranged from 2.5 to 


12.0 meq. per liter. 

Potassium.—Serum potassium coneentration deereased during perfusion. 
In Period I, the level fell from 5.1 to 3.7 meq. per liter. In patient J. J., the 
5.7 to 3.1 meq. per liter. The potassium concentration of 
As shown in Table III, this 


decrease was from 
the perfusing fluid increased during perfusion, 
increase ranged from 0.15 to 0.5 meq. per liter. 

Calcium.—Serum caleium concentration decreased during perfusion in 
Periods I and If and in patient J. J. (Figs. 2, 8, and 4). This progressed to 
levels producing tetany unless replaced by intravenous calcium gluconate. Ap 
proximately 500 me. of calcium ion (as ealeium gluconate) were necessary to 
maintain the serum calcium level while the patient was undergoing perfusion 
lasting twelve hours. 

The calcium concentration in the perfusing fluid varied from 0.0 to 50.2 
mg. per cent (Table IIl). In ten of twelve samples analyzed the concentration 
was increased following perfusion. The average increase for all twelve sample 
was 0.60 mg. per cent (range—1.15 to +1.94 meg. per cent). Addition of vitamin 
D, in propylene glycol* 1,000 units per liter and bile saltst 100 mg. per lite: 
did not produce calcium absorption. 

Phosphorus.—Serum inorganic phosphate levels followed no consisten 
trend attributable to perfusion (igs. 2, 3, and 4). Phosphorus concentration 
in the fluid revealed small inconstant changes following perfusion (Table ITI 
Exeretion of phosphorus through the wall of the loop was demonstrated. 0 


*Drisdol, Winthrop-Stearns, Inc. 
*Bilein, Abbott Laboratories. 
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me.c* of radioactive phosphorus (as Na,IIPO,) was injeeted intravenously.t 
Ten liters of fluid were passed through the loop during the four hours following 
injection, and were found to contain 0.023 per cent of the P,. administered. 

Magnesium——In patient J. J., there was no significant change in the serum 
magnesium level after perfusion with magnesium free fluid lasting ninety-six 
hours. 


Bleeding.—The hemorrhagie tendencies of uremic patients are well known. 


In patient M. H. there was a continuous oozing of blood into the reanastomosed 
gastrointestinal tract the last few days of life. During this same period of time, 
there was not evidence, either microscopic or chemical, that bleeding was taking 
place in the ileal loop. At autopsy no bleeding points or areas were seen in 
the mucosa of the perfused ileum. 


DISCUSSION 


6, 8 


Though several investigators’? * Within recent years have perfused 
the small bowel in an attempt to treat chronie uremia, there has been little or 
no data available as to fluid balanee and ion exchange between the blood and 
perfusing solutions. Particularly is this true of the calcium and potassium 
ions. The normal value quoted'® 2% *° for calcium in the ileum succus entericus 
is derived from one determination on one dog.'* 

The data obtained in this study give some indication of what can be 
anticipated from intermittent perfusion of the isolated ileal loop in chronic 
uremia with the dynamic changes in fluid balanee, urea clearance, and ion 
exchange. 

Fluid Balance—It has been the experience of others that fluid balance 
could be controlled by adjusting the tonicity of the perfusing fluid with varying 
concentrations of glucose. Such an effect was not consistently demonstrated in 
the ileal loop in patient M. H. The perfusing fluid appeared to behave as an 
isotonie solution regardless of the glucose concentration, except for Period J 
when the fluid containing 25 Gm. of glucose per liter acted in a hypertonic 
manner and water was withdrawn from the patient. Subsequently, although 
the glucose concentration of the fluids was varied from 15 to 30 Gm. per liter, 
the volumes of solution introduced into and recovered from the loop were nearly 
dentical. 

On the other hand, an effect apparently related to altered glucose concen- 
ration was noted in patient J. J. With a glucose concentration of 20 Gm. 
er liter in the perfusing fluid, edema gradually developed. After reduction 

» 15 Gm. per liter, the edema accumulated more rapidly. 

Urea.—Present concepts are that urea is relatively nontoxic, as the previ- 
usly experimentally demonstrated toxicity has been attributed to secondary 
feets of the substance.2* It has been shown by Pendleton and West?® that in 
gs an isotonic solution placed in an isolated loop of small bowel will obtain 

urea nitrogen concentration identical with the blood level. These workers 


*Curie—amount of radium emanation in a closed container in radioactive equilibrium 
th one gram of radium element. 


7We are indebted to Dr. William F. Bethard for the radioactive phosphorus study. 
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postulate that the gut wall acts as a semipermeable membrane for this sub- 
stance. It has repeatedly been demonstrated that urea can be removed through 
the intestinal wall of man.** A normal man on a high protein diet exeretes 
approximately 16.8 Gm. of urea nitrogen in the urine in twenty-four hours.*° 
In patient M. H., if perfusion at a flow of 100 ml. per minute was maintained 
for eight hours, approximately 20 Gm. of urea nitrogen would have been 
extracted. While the efficiency of the loop in removing urea would be antici- 
pated to be less with lower blood urea nitrogen levels than were present in this 
study, it appears that a negative urea balanee can be maintained by even short 
intermittent perfusions. Data are insufficient to conclude whether the apparent 
increase in urea clearance with inerease in rate of flow of perfusion fluid in 
patient M. H. is real. 

Sodium.—Serum sodium concentrations increased during perfusion, and 
the perfusing fluid sodium concentration decreased after passage of the fluid 
through the loop of terminal ileum. In Period I in patient M. H. and in patient 
J. J., the serum sodium levels at the beginning of the perfusion periods were 
lower than the perfusing fluid sodium levels. This difference suggests that the 
increase in serum sodium concentration during perfusion could result from the 
simple diffusion of sodium through the bowel wall. However, during a_per- 
fusion of patient M. H., not included in Periods I or I1, the serum sodium con- 
centration at the beginning of the perfusion period was higher than the per- 
fusing fluid sodium concentration, Nevertheless, the perfusing fluid sodium 
level still decreased after passage through the loop. On this occasion, the serum 
sodium was 146 meq. per liter. The solution used contained 140 meq. per liter 
before perfusion and 184 meq. per liter after perfusion. This observation sug- 
gests that sodium absorption is by a mechanism other than simple diffusion.** 
A similar situation has been found to exist in the colon by Daugherty and asso- 
ciates,’ who suggest that the perfusing fluid be hypotonic in sodium or even 
sodium free. The studies of Visscher and associates!’ '! on dogs using radio- 
active sodium indicates that there is a greater absorption of this ion the more 
distal the intestinal segment, while exeretion of sodium is lessened. This sug- 
gests that the use of a proximal jejunal loop might result in better contro] of 
sodium exchange. 

The acidosis present in both patients was improved during perfusion. This 
is attributed to the absorbed sodium producing an increase in available base 

Potassium.——In both patients serum potassium levels and electrocardiogram: 
revealed no evidence of potassium abnormality. Following perfusion there was 
a reduction in serum potassium concentration with an accompanying increas 
in the concentration of potassium in the perfusing fluid. These changes ocecurre: 
with the potassium coneentration in the perfusing fluid higher than in th: 
serum, and suggests that potassium excretion is by mechanisms other thai 
simple diffusion. Similar findings were noted by Bernstein and associates, 
who had perfused the stomach, and Hicks,?* who has utilized gastrie washing 
as a therapeutic procedure for reducing high blood potassium levels. 
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Because the potassium ion loss, unlike the calcium ion loss, did not have 
clinical manifestations, the perfusing solutions were not altered in composition 
to attempt to produce higher potassium ion concentration in the serum, 

Calcium and Phosphorus.Uypocaleemia and hyperphosphatemia are fre- 
quently found in chronic uremia, and were present in both patients studied. 
Intestinal perfusion further aggravated this caleium-phosphorus imbalance, as 
calcium was continually extracted in spite of concentrations of caleium in the 
perfusing fluid up to 50.2 mg. per cent. If the perfusion was maintained with- 
out adequate intravenous calcium replacement, tetany developed. The addi- 
tion of vitamin D and bile salts to the perfusion fluid had no apparent effect 
upon calcium absorption. 

Caleium is supposedly absorbed in the duodenum and exereted. in the 
gastrointestinal tract by the mucosa of the large bowel.2* The jejunum and 
ileum have not specifically been implicated in calcium metabolism. In_ both 
of these patients where only the terminal six feet of small bowel were used 
for perfusion, there is evidence that calcium is excreted by the mucosa of the 
ileum, If a loop of duodenum and jejunum had been utilized instead of terminal 
ileum, hypocalcemia might not have developed. Calcium balance might also 
have been achieved if the food intake had been adequate. 

Perfusion had no apparent direct effect on the serum inorganie phosphate 
level, The increase observed during perfusion may be related to the decrease 
in the serum ealeium concentration. Changes in the phosphate concentration 
of the perfusing fluid after passage through the loop were inconclusive. There 
was some phosphate excretion into the loop, but this oecurred only in trace 
amounts as measured by Ps». 

Bleeding —F ishbereg*’ postulates that the intestinal bleeding seen in uremies 
may well be due to the breakdown of urea into ammonia by bacteria, and that 
the ammonia acts on the mucosa causing ulcerations and bleeding. It may 
he that the solution running through the ileal loop washed away or lessened 
the concentration of some toxie product which is responsible for the hemorrhage. 
\nother hypothesis is that the perfusing solution contains some element, per- 
laps ealeium, which is needed in higher concentrations to keep the elotting 
nechanisms intact. 


SUMMARY 





AND CONCLUSIONS 


Two terminally ill chronie uremie patients with ileal loops 6 feet in length 
vere studied during perfusion of these loops. The following biochemical 
hanges oceurred : 

In the Loop—The volumes of fluid introduced and recovered were essen- 
ally (+3 per cent) equal. The highest amount of urea nitrogen extracted was 
O08 Gm. per hour, and the loop urea clearance varied from 5 to 35 ml. per 
inute. Glucose was absorbed. The concentration of chloride was not signifi- 
ntly changed in passage of perfusate through the loop, sodium concentration 
ereased, and ealeium and potassium concentrations increased. Phosphorus 
owed small inconstant changes, though an intravenous injection of radioactive 
osphorus revealed excretion into the intestine. 
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Bleeding was present in the reanastomosed bowel; there was no evidence, 





microscopic or chemical, of hemorrhage in the perfused ileal loop. 
In the Blood—During perfusion the concentrations of carbon dioxide, 






chloride, and sodium increased ; calcium and potassium decreased; and inorganie 






phosphorus was unchanged. The urea concentration in the blood was decreased. 






It is doubtful if the ileum is the most suitable anatomic location for a loop 






to serve effectively in the relief of the biochemical manifestations of uremia. 






In the two patients studied, it was impossible to supply enough ealeium and 






potassium to raise blood levels via the perfusing solution because excessive secre- 





tion of both potassium and ealeium took place even against high concentration 





gradients. In contrast, sodium was readily absorbed, the serum sodium gain 






and calcium loss were of clinical significance in these patients, and were mani- 
fested by edema and hypocaleemic tetany requiring intensive therapy. The 







potassium loss was not severe enough to cause clinical symptoms. 






Reduction of the blood urea concentration can be accomplished by perfusion 
of an ileal loop, but it is obvious that in order to have practical value of ecom- 
batting chronic uremia, means must be found to correct the profound disturb- 
anees in electrolyte balanee that may result from perfusion of the loop. From 







recent work of other investigators performed on dogs® ': 1! the jejunum appears 






to be a more logical location for an intestinal loop because greater absorption 






and sodium exeretion take place at this intestinal level. 







ADDENDUM 





Since the preparation of this paper, Twiss, and Wolff%° have published a report on 
an isolated intestinal loop of mid-gut 2.5 meters long in a terminal patient. 






perfusion of 
Their findings imply that at the higher intestinal level sodium and potassium blood and loop 





changes were similar to those at the terminal ileum level, but that calcium blood levels could 






be controlled by changes in the dialyzing fluid. 
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RIBOFLAVIN EXCRETION DURING PREGNANCY AND 
EARLY LACTATION 
A. Brzezinski, M.D., Y. M. BromBerc, M.D., anp K. Braun, M.D. 
JERUSALEM, ISRAEL 


HE requirement of various vitamins is greatly increased during pregnancy 

and lactation, and markedly exceeds that of nonpregnant individuals. Vari- 
ous manifestations of vitamin deficiency are therefore more likely to oceur dur- 
ing these periods of human life’ * than at other times. 

In previous papers on riboflavin deficieney,*° we were able to demonstrate 
that riboflavin deficiency manifestations frequently occur in pregnant women, 
and that their frequency increases with the progress of the pregnaney. During 
the periods of dietary restrictions in Israel, 21 per cent of pregnant women were 
found to be suffering from ariboflavinosis. Other healthy members of these 
patients’ families living under identical dietary conditions generally exhibited 
no signs of deficiency. This fact strongly suggests that the riboflavin require- 
ments of pregnant women are increased. 

Riboflavin deficiency manifestations (glossitis, angular stomatitis, cheilosis, 
corneal vascularization, ete.) chiefly appeared during the last trimester of 
pregnancy and generally regressed after delivery. They were particularly 
frequent in poorer patients who were most markedly affected by food restrictions. 

The purpose of the present study was to investigate the amount of riboflavin 
excreted in the urine in relation to the month of pregnancy and lactation, and 
to study the relation between riboflavin excretion in the urine and the appear- 
ance of clinical manifestations of ariboflavinosis. The excretion of riboflavin in 
the urine in normal nonpregnant individuals is said to be related to the amount 
of riboflavin in the diet.® 

Our material is particularly favorable for such a study, since the women 
attending our prenatal care clinics are under close medical supervision, live in 
separate quarters of the town, and are distinguished from one another with 
respect to their origin and social and economic conditions. Some of the eom- 
munities from which they stem even retain their own specifie dietary customs. 


MATERIAL AND METHODS 


One hundred sixty-two pregnant women (sixty-seven primiparas and ninety-five mul 
tiparas) between 16 and 42 years of age were kept under observation from the third mont! 
of pregnancy until two months after delivery. During the same period fifty nonpregnant 
individuals constituting the control series were also studied. Clinical examinations, as wel 


as determinations of the riboflavin content of fasting morning urine, were made twice 


month in each of these patients by the method of Snell and Strong.? 


From the Departments of Obstetrics and Gynecology and Internal Medicine of tht 
Rothschild-Hadassah-University Hospital. 
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The patients studied, belonging to different social and economic strata, regularly at 
tended the prenatal care centers of the Hadassah Medical Organization. Those of the 
oriental communities (Kurdish, Persians, Yemenites, ete.) were generally poor, and their diet 
consisted essentially of carbohydrates and was particularly deficient in proteins. The ribo 
flavin content of their diet was therefore also very low. The average, less than 1.3 mg. daily, 
was relatively constant, and was far below the 2.5 to 8 mg. daily recommended for pregnant 
and lactating women by the Food and Nutrition Board of the National Research Council, 
U. S. A.8 

The nutritional study of relatively well-to-do pregnant women revealed quite a different 
picture. Their riboflavin intake corresponded to or even exceeded that recommended for 
pregnancy. In this group the riboflavin intake varied considerably according to individual 
dietary habits and to market facilities. In order to maintain an approximately constant 
riboflavin intake, we were obliged to prescribe a constant diet containing 3.5 to 4 mg. riboflavin 
daily for these patients. 

From among the 162 pregnant patients studied, we selected forty-six in whom riboflavin 
intake was 3.5 to 4 mg. daily, and fifty-one patients with a daily intake of 0.7 to 1.3 mg. 
These ninety-seven pregnant women were closely supervised during pregnancy and the two 
months of lactation following delivery, with a view to studying variations in riboflavin ex 
cretion throughout this period. 

Unfortunately, a certain number of these patients had to be eliminated from this study 
because of insufficient data or unreliability concerning their riboflavin intake, or due to 
various pathologie conditions complicating pregnancy and lactation. 

In the end sufficient data were available for only twenty-nine pregnant women of the 
group with low riboflavin intake (group A: 0.7 to 1.3 mg. riboflavin) and for eighteen with 
high riboflavin intake (group B: 3.5 to 4 mg. riboflavin). Thus, only forty-seven patients 
from the initial group of 162 pregnant women correspond to this study (Table I). 

In order to compare riboflavin excretion in pregnancy urine with that of nonpregnant 
women, we examined two control groups of twenty-five each. Close relatives of the pregnant 
women in our study, living under identical conditions and receiving identical diets, were 
selected for this purpose. After the exclusion of unreliable subjects and of cases in which 
interference with adequate utilization of riboflavin occurred, ten subjects (group C) serving as 
controls for group A and eight subjects (group D) serving as controls for group B were 
studied (Table I). 


RESULTS 

Riboflavin Excretion in Nonpregnant Subjects.—In both control groups of 
nonpregnant subjects (groups C and D), riboflavin excretion was found to be 
quite constant throughout the period of study, and could be related to the 
riboflavin content of the diet. In group C, with an intake of 0.7 to 1.3 mg., the 
riboflavin urinary exeretion averaged 113 y per liter, standard deviation 66.5, 
with extreme values of 50 to 550 per liter (Table IT). 

In group D, in which the riboflavin intake was 3.5 to 4 mg. daily, the average 
‘iboflavin exeretion was 466.4 y, standard deviation 202.0, with extreme values 
f 100 to 1,000 y per liter (Table IT). 


TABLE I. DaAtnty RIBOFLAVIN INTAKE IN THE Four Groups STupIED 


GROUP | PREGNANCY | NUMBER OF CASES | RIBOFLAVIN DAILY INTAKE 
A | + | 29 0.7 mg.—1.3 mg. 
B x 18 3.0. mg—4.0 mg. 
C - 10 0.7 mg.—1.3 mg. 
D - 8 3.0 mg—4.0 mg. 
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EXCRETION OF RIBOFLAVIN IN THE Two Groups (C AND D) 
OF NONPREGNANT WOMEN 


URINARY 





TABLE II. 


























NUMBER NUMBER OF AVERAGH 
OF URINARY EX RIBOFLAVIN RIBOFLAVIN EX EXTREME STANDARD 
GROUP CASES \MINATIONS DAILY INTAKI CRETION y/LITER VALUES DEVIATION 
c 10 149 0.7 mg.1.3 mg. | 113 | 50-550 =| 66.5 
D) | 5 120 3.0 mg—-4.0 mg, 166.4 100-1000 | 202.0 






The standard error of difference between the two means C and D 19.2. The difference 
between the two means C and D is significant, as it is nearly nineteen times the value of the 
standard error of the difference. 











Clinical manifestations of riboflavin deficiency were not observed in the 





control subjects studied, not even in those whose riboflavin exeretion was strik- 







ingly low. 
Riboflavin Excretion During Pregnancy and the First Two Months of 






Lactation.—It was found that riboflavin excretion in both groups: A (riboflavin 





intake 0.7 to 1.3 mg.) and B (riboflavin intake 3.5 to 4 me.) of pregnant women 





considered together was lower than that of corresponding groups of nonpreg- 






nant women with the same riboflavin intake (Table II}). It averaged 203.3 y, 





standard deviation 152.5, for groups A and B, with extreme values of 40 to S00 y 






per liter; and for groups C and D 270.6 y, standard deviation 227, with ex 






treme values of 50 to 1,000 per liter. However, when groups A and B were 





studied separately, the average riboflavin exeretion in group A was almost 






identical with that in its control group C, and equalled 113.1 and 113, respee 
tively (Table IIT) 


In group A only slight variations were observed during the course of preg- 







naney. However, the average exeretion of the last trimester was significantly 






lower than that in the four preceding months, the average exeretion of riboflavin 





in the urine in the last trimester in this group (A) being 93.0 y per liter, 
















COMPARISON OF RIBOFLAVIN URINARY EXCRETION BETWEEN THE 
PREGNANT AND NONPREGNANT WOMEN 


IIT. 





TABLE 













NUMBER NUMBER OF AVERAGE OF | 













OF URINARY EX- RIBOFLAVIN RIBOFLAVIN EX-| STANDARD 
GROUP CASES AMINATIONS DAILY INTAKE |CRETION y/LITER| DEVIATION 
A+B 
I Pregnancy 17 DN] 0.7 mg.—4.0 mg. 203.3 151.5 
ITI-IX M 
1] C+D Is 269 0.7 mg.4.0 mg. 270.6 227.0 
A 
II] Pregnancy 29 O02 0.7 mg.-1.3 mg 115.1 55.0 
ITI-IX M 
B 
IV Pregnancy 1S 219 oo mg.—4.0 mg. 352. 145.1 
III-IX M 
V e 10 149 0.7 mg.-1.3 mg. 113.0 66.5 
VI D 8 120 |} 3. mg.—4.0 mg. 466.4 202.0 








The standard error of difference between the two means IV (B pregnancy) and VI 
(D) 20.7. The difference between these two means is significant, as it is nearly six times 
the value of the standard error of difference. The average for III (A pregnancy) and V 
(C) is identical. 

The standard error of difference between the two means I (A + B pregnancy) and 
(C + D) 15.2. The difference between these two means is significant as it is more than 
four times the value of the standard error of the difference. 
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standard deviation 21.5, in comparison with 125.8 per liter, standard deviation 
64.9, which was the average excretion for the preceeding four months (IIT, IV, 
V, VI) (Table IV). Moreover, in most patients of this group riboflavin ex- 
eretion rose sharply during the first week following delivery (average 199.2 per 
liter in this first week after delivery, as compared with the last trimester 93° y 
per liter) (Table IV), in spite of the facet that the riboflavin intake remained 
unchanged during this period. But the riboflavin excretion diminished again in 
the course of the first month post partum, and remained low till the end of the 
second month, when the study was terminated, and averaged 145.8 y per liter 
for this early lactation period (Table IV). In five cases the riboflavin urinary 
level failed to decrease during the lactation period; and it is noteworthy that in 
these patients milk secretion was remarkably poor. 

In group B a distinct average decrease in riboflavin exeretion was observed 
during the last trimester. In the first week of lactation a rise in the riboflavin 
excretion occurred (423.6), and a considerable decrease was again observed in 
the course of the first and second months after delivery when lactation was well 
established (average 273.3 per liter) (Table IV). 


Manifestations of Ariboflavinosis Related to Variations in Ariboflavin 


Excretion in the Urine During the Course of Pregnancy and Lactation.— 
None of the twenty-nine pregnant women with low riboflavin exeretion in 
the urine showed distinct clinical manifestations of ariboflavinosis when first 
examined and selected for this study. In nineteen (65 per cent), clinical 


signs of ariboflavinosis such as e@lossitis. cheilosis. angular stomatitis and 


‘ABLE IV. AVERAGE RIBOFLAVIN EXCRETION IN DIFFERENT PERIODS OF 
PREGNANCY AND LACTATION 


EXCRETION 


PREGNANCY 


EXCRETION 


PREGNANCY 


EXCRETION 


PREGNANCY 


EXCRETION 


WEEK 
EXCRETION 


URINARY 
LACTATION 


OF CASES 
yk 
MO. 
PARTUM 
PARTUM 


( 
EXAMINATIONS 
DEVIATION 
VII-IX MO. 
STANDARD 
DEVIATION 
STANDARD 

' DEVIATION 

Is 


AVERAGE 


AVERAGE 
IN 

tp | t| ITI-1X 
AVERAGE 
IN 


AVERAGE 
IN 


AVERAGE 


IN 


POST 
POST 


IN 


, STANDARD 


_ 


>| GROUP 

b) NO. 

wm! NO, 

<y/ DEVIATION 


145.8 


48 | 0. —1.3 mg.| 125.8 93.0 


18| 271 3.5 mg.—l.3 mg. | 419.3 | 135.0| 242.8 


ay" STANDARD 


5.0} 199. 


| 
| 
| 


“1 Cr 
Co) — 
ul 


5.1 23.6 277.3 


Group A—The standard error of difference between the two means I and II : 

‘he difference between these two means is significant, as it is more than six times the vs 

f the standard error of the difference. The standard error of difference between the 
eans II and V 8.66. The difference between these two means is significant as i 
iore than five times the value of the standard error of the difference. The standard error 
f difference between the two means I and V 10.4. The difference between these two 
leans is not significant, as it is less than twice the value of the standard error of the 
fference, 

Group B—The standard error of difference between the two means I and II = 14.5. 
he difference between these two means is significant, as it is more than twelve times the 
ilue of the standard value of the difference. The standard error of difference between 
e two means II and V 15.8. The difference between these two means is significant as 
is more than two times the value of the standard error of the difference. The standard 
ror of difference between the two means I and V = 17.6. The difference between these two 
eans is significant as it is more than eight times the value of the standard error of the 
fference. 

The standard error of difference between the two means III (gr. A) and III (gr. B) = 10. 
ie difference between these two means is significant as it is nearly twenty-four times the 
jue of the standard error of the difference. 
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corneal vascularization appeared during the course of pregnaney and lae- 
tation. Two patients out of the 19 developed glossitis during the fifth month 






of pregnancy, and this condition persisted during the entire course of pregnancy 
and lactation. In the third trimester of pregnancy a strikingly frequent ap- 






pearance of riboflavin deficiency manifestations was noted in sixteen cases (55 
per cent) (Table V). These patients presented a relatively severe picture of 






riboflavin deficiency, manifested by atrophic glossitis or papillitis. Angular 






stomatitis with the frequent occurrence of large macerated areas, seborrheic 





areas of the labionasal folds, cheilosis, were all observed. The patients fre- 





quently complained of severe heartburn, glosso-pyrosis, or sensation of burning in 






the oral structures when eating spicy food. A striking improvement in all these 
manifestations was observed after delivery. The subjective complaints receded 
in all cases in the course of the first two weeks after delivery, while the anatomic 
changes in the buccal mucosa improved gradually during the two months of 






lactation in thirteen of sixteen cases. Only one patient developed symptoms of 
ariboflavinosis during the lactation period (Table V). None of the ten non- 







pregnant controls on the same dietary regime developed deficiency symptoms 






during the course of this study. 






In none of the eighteen patients of group B (high riboflavin intake) were 
any symptoms of ariboflavinosis observed throughout the entire course of preg- 







naney and the two months of lactation (Table V). 















V. APPEARANCE OF CLINICAL SIGNS OF RIBOFLAVIN DEFIENCY IN RELATION TO 
THE DIFFERENT PERIODS OF PREGNANCY AND LACTATION 






TABLI 













PREGNANCY PREGNANCY LACTATION 












it, IV, V¥, Vi M VII, VIIT, IX M I, 11 M 
ONSET ~ ONSET | ~ ONSET NUMBER 
NUM- OF DEFI NO DEFI OF DEFI- | NO DEFI OF DEFI NO DEFI OF 
BER CIENCY CIENCY CIENCY CIENCY CIENCY CIENCY DEFICIENCY ALL 
GROUP CASES SIGNS SIGNS SIGNS SIGNS SIGNS SIGNS CASES CASES 
Al @ | 2 27 16 13 | 1 | 2 | 19 (65%) | 29 
kt saa is re cas eee” Tle ane emo ek ae 








DISCUSSION 





All the above findings may be attributed to the additional riboflavin §re- 
quirement of the growing fetus. The increasing need for riboflavin with ad- 






vancing pregnancy manifested itself in well-to-do pregnant women only by the 
fall of riboflavin excretion in the urine, while in pregnant women with low 
riboflavin intake it was also apparent in the appearance of clinical symptoms 
of ariboflavinosis. The question may arise why pregnant women on low ribo- 
flavin intake frequently developed symptoms of ariboflavinosis, while our ob- 








servations on control subjects under the same dietary conditions, as well as 
observations made by other authors,® indicate that nonpregnant volunteers kept 
on extremely low riboflavin intake failed to develop manifestations of aribo- 
flavinosis. This may possibly be explained by the observation’® that below a 
certain minimal level (0.35 to 0.8 mg. daily) of riboflavin intake a progressive 
depletion of the tissue stores of this substance occurs. It therefore appears 
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likely that in pregnant women on the low riboflavin intake (0.7 to 1.3 mg.) ribo- 
flavin reserves in the body are mobilized, especially during the last trimester, 
and clinical manifestations are due to the depletion of this vitamin from the 
tissues. 

It may also be asked why the average riboflavin excretion in the urine was 
equally low in pregnant women with low riboflavin intake and in their non- 
pregnant controls (group A—113.1; group C—113), although additional 
amounts of riboflavin are needed by the growing fetus. This may be explained 
by the assumption that riboflavin in these pregnant women (group A) is 
mobilized from the tissue reserves, and riboflavin urinary excretion is therefore 
maintained at a relatively constant level, while deficiency symptoms follow the 
depletion of riboflavin. 

The results obtained in this study demonstrate also that the riboflavin re- 
quirement is increased during lactation. The need for riboflavin in lactation 
seems, however, to be distinetly lower than that in pregnancy. The riboflavin 
requirement appears to increase progressively in the course of lactation, since 
the exeretion of riboflavin decreased considerably when lactation was well 
established. This observation is also proved by the finding that no or little 
decrease in riboflavin excretion was noted in eases of agalactia and hypogalactia. 


SUMMARY 


A clinical study and observations on riboflavin excretion in two groups of 
pregnant women (group A, twenty-nine patients with 0.7 to 1.3 mg. daily 
riboflavin intake; and group B, eighteen patients with 3.5 to 4 mg. daily ribo- 
flavin intake) revealed an increase in riboflavin requirement in pregnaney and 
lactation as demonstrated by the following findings: (a) Riboflavin exeretion 
in pregnant women with sufficient riboflavin intake (group B) was distinetly 
lower than that of nonpregnant individuals (group D) on the same dietary 
regime. (b) The decrease in riboflavin urinary levels during the last trimester 
)f pregnancy was evident in both groups (A and B) of pregnant women studied. 
e) Clinical manifestations of riboflavin deficiency oceurred very frequently in 
vregnant women with low riboflavin intake, while they did not appear in non- 
regnant control women on the same low riboflavin diet. (d) Riboflavin urinary 

vels rose significantly during the first week after delivery while the diet re- 
ained unchanged with respect to riboflavin content. (e) Riboflavin exeretion 
lactating women with sufficient riboflavin intake (group B) was distinetly 
wer than that of nonpregnant control subjects under the same dietary con- 
tions. (f) A deerease in riboflavin exeretion during the first two months of 
‘tation after an initial rise during the first week following delivery. (g) The 
erage riboflavin excretion during lactation was higher in both groups A and 
when compared with that during pregnancy, especially during the last 
mester (Table IV). 
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A METHOD FOR THE COLLECTION AND QUANTITATIVE 
DETERMINATION OF SEBUM: ITS APPLICATION TO AN 
INVESTIGATION OF HUMAN SEBUM SECRETION 
THomas H. LorRENz, M.D., Davin T. Gratiam, M.D., AND 
Ifarotp G. Wourr, M.D. 

New Yorn, N. Y. 


HAT there is relatively litthke known about the physiology of the sebaceous 

elands in the human being is well attested to by the brevity of reference to 
this topic in most, if not all, of the modern textbooks of human physiology, and 
by a review of the secant medical literature available on this subject. 

The apparent explanation for this dearth of information resides in the faet 
that the methods previously used for the study of sebum have been so laborious 
or complicated as to discourage sustained effort in this field, as well as being 
generally impractical for the purposes of clinical investigation. 

In the past, three basie methods for the quantitative study of sebaceous 
secretion have been employed by different investigators. In 1906, Rosenfeld 
obtained rough estimates of sebum secretion by extracting and then weighing 
the amount of fat absorbed by woolen clothing worn by subjects on experimental 


8 


diets for specified periods of time.'> This same method was also used by Kuz- 
nitzky in 1913,1° but refined in that the clothing was made fat-free prior to 
starting experimental observations. A second method was that in which a fat 
absorbent material (ether-soaked cotton, or fat-free filter paper, ete.) was ap- 
plied to a limited area of skin for a given period of time. The difference be- 
tween the pre- and postexperimental weights was taken as a measure of the 
quantity of sebum secreted, or the absorbed sebum was extracted and then 
quantitatively measured by one of a number of techniques. The majority of 


13, 16, 17, 19%, 20 jn this field have used this basie approach. <A 


ivestigators”™ ” 
third method was introduced by Emanuel in 1936.5 He devised a unique col- 
eecting eup which could be applied directly to the skin surface by suction. The 
ip contained 5 ¢.e. of ether as the fat-solvent medium, which was delivered to 
square centimeters of skin area for one minute. The quantity of sebum dis- 
lived in the ether under these standard conditions was then determined by 
e ‘*Bing-Heekscher nephelometrical method.’’ Essentially the same technique 
r sebum collection and determi.ation has also been employed by Butcher and 
s co-workers in their investigations. *° 
The recent advent of a new method for analysis of skin fat, developed in- 
pendently by Berry* and Jones,"’ has provided a simple and reliable means 


' the quantitative determination of small amounts of sebum. 
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By using a modification of this technique, with the addition of a con- 
venient and elinically applicable method for the collection of sebum specimens, 
it was possible to investigate some of the physiologie factors concerned with 
surface sebum in the human being, as well as alterations in facial sebum secre- 
tion associated with various emotional states in patients with acne vul- 
wares.**: #5, 2 

The purpose of the present communication is to describe in detail the 
method for the collection and quantitative determination of sebum specimens 
used in this investigation, and to report some of the observations obtained by 


its use. 








AND MATERIALS 





METHOD 





1. Preparation of the Skin Surface-——The skin surface to be used as the source of 
sebum was prepared routinely by firmly wiping approximately one square inch of skin 
area, two or three times, with a cotton pledget* soaked in ether. A sebum specimen could 
then be obtained, at any desired time thereafter, by merely pressing the end of a glass 
rod to the approximate center of this area. 

On all serial studies care was taken to use, as nearly as possible, the identical point 
within the cleansed area, from which previous sebum collections had been made. 

2. Collection of Sebum Specimens.—It was found possible and practical to colleet 
uniform sebum specimens, from properly prepared human skin, by the application of 
identical small glass rods to the skin surface, under standard conditions of pressure and 
time. The glass rods used were 60 mm. in length and 5 mm. in diameter. The ends of 
these rods had been subjected to brief grinding by an emery wheel which resulted in a 
uniform degree of flatness and ‘‘frostiness’’ of their surfaces, not obtainable in the 
initial process of cutting the rods to length. The grinding process, furthermore, eliminated 
cutting edges and imperfections which might have inflicted minor lacerations when the 
rods were applied under pressure to the skin surface. 

A von Frey algesiometer (Fig. 1), which was adapted for use as a rod holder, pro 
vided for graded and measurable pressure of application of the glass rods to the skin 
surface. This device consisted essentially of a piston shaft, one end of which was equipped 
with a metal sleeve. The latter was of such size as to hold a glass rod firmly in place 
prior to and after collection of a sebum specimen. The other end of the shaft was secured 
to a coiled steel spring, fitted into the hollow handle of the algesiometer. A readable 
scale was etched into the exposed portion of the piston shaft. Pressure of applicatior 
was measured by the extent to which the handle descended the length of the shaft an 
the scale. A point was selected which fell at approximately the midpoint of the seal 
and was equivalent to 400 Gm. weight. Since this application pressure was not uncom 
fortable, it was used routinely in all experimental procedures. The standard duration o 
application of the glass rods to the skin was five seconds. 

The glass rods routinely were immersed in an alecohol-ether mixture, for a few se 
onds, a minute or two before their application to the skin. A clean and fat-free stat 
of the rod ends was thus assured prior to contact with the surface sebum. 

A single glass rod could, of course, only be used for the collection of one sebu: 
specimen at a time. Simultaneous and serial collections were obtained by using add 
tional (but identical) glass rods—as many as necessary—under the standard conditio: 
noted above. 

It was not found necessary to do the quantitative determination of the sebum spe: 
mens as soon as they were collected. This added much to the practicality and applic 
bility of this method to clinical] investigation. Our experience has been that up to t 
hours may elapse between the time a sebum specimen is collected and its determinati 
completed, without any measurable loss of sebum having occurred in the interim. 








*Fat-free, except for 0.2 to 0.3 per cent ether extractable material. 
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Small wooden blocks having six properly sized wells, evenly spaced, centrally located 
and suitably labeled, were used to keep the glass rods upright and oriented (Fig. 2). 
This apparatus helped prevent physical contact of the exposed ends of the rods with any- 
thing but the atmosphere, whether the rods were stationary or being transported. 

3. Quantitative Determination of Sebum Specimens.—In 1950 Jones described a method 
for the quantitative assay of fatty materials (including sebum) in which the area of 
spread of the fat as a film, in a monomolecular layer of oil (having a tension of 20 + 2 
dynes per sq. em.) was found to have a ‘‘sensitivity and accuracy beyond other methods’’ 
in measuring the amount of fat delivered to the oil surface.11 
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Fig. 1.—Sketch of modified von Frey algesiometer adapted for use as a rod holder and pro- 
viding for standardized pressure of glass rods to skin surface. 


Wooden block used for keeping sebum-tipped glass rods upright and oriented. 


The appartus and modified technique used in the present study consisted essentially 
the following: 


A large (150 by 20 mm.) paraffin-coated Petri dish was kept in a glass tray, the 
ges of which extended approximately 144 inch above the Petri dish. The tray rested 
a small levelling table (Fig. 3). 

The Petri dish was kept filled with distilled water to a point just short of over 
wing. Prior to each sebum determination the water was cleansed by passing a glass 
le over its surface two or three times. When the currents produced by this maneuver 
| ceased (one to two minutes), a drop or two of properly prepared (heated at ‘‘low’’ 
plate temperature for forty-eight hours) Ceneco Hyvae oil was delivered from a 
berculin syringe, equipped with a 25 gauge needle, to the approximate center of the 


ter surface. The oil immediately spread in a film, at first multicolored and finally 


enish in color, until practically the entire surface of the water was covered with a 
nomolecular layer of oil. 
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The technique for the quantitative analysis of a sebum sample was as follows: 
The sebum-tipped glass rod was removed from its resting place in one of the previously 
deseribed wooden blocks, care being exercised not to handle it anywhere beyond the mid 
point of the rod. The sebum-coated end of the rod was then carefully touched to the oil 
film surface. In the presence of sebum, a clear, roughly circular area promptly appeared 
and expanded until an equilibrium was established between the sebum film and the piston 
oil layer. To assure complete delivery of the sebum from the rod to the surface film, the 
rod tip was gently raised and lowered a few times until further spread of the sebum film 
ceased, At this point a glass pane was placed over the tray (clearing the oil surface of 
the Petri dish by approximately 14 inch). The area of spread of the sebum was then 
traced onto the glass plate by using a wax pencil. To make a permanent reeord, the wax 
pencil image was retraced onto onion skin paper, and later the exact area of spread was 


measured in square inches by using a planimeter. 


f 


Fig. 3.—-Apparatus used for the quantitative estimation of sebum specimens, consisting of 
paraffin-coated Petri dish, glass tray covered by glass pane and leveling table. 


Comment.—The advantages of the described method over those previousl) 


used reside not only in the speed and simplicity of its performance, both as re 


gards collection and determination, but also in its adaptability to a variety o! 


elinical and experimental situations. 

The technique of determination is sensitive and accurate.” 

Criticism might, however, be directed at the technique employed for the 
collection of sebum specimens. It is not known what proportion of total surface 
sebum is collected by use of the glass rod method, nor is it even possible to b 
certain that the proportion is the same with different amounts of surface sebun 
Since, however, the amount of fatty material collected increased steadily afte 
washing, with the passage of time (see results), it seems justified to conelud: 
that the greater the amount of surface sebum present, the greater the absolute 
amount collected. In addition, the consistency of the experimental result 
which will be evident in the data to be presented, is strong evidence for t! 
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belief that there is a reliable relationship between the amount of surface sebum 
present and the amount collected. In other words, if there were no such rela- 
tionship, this method would not vield reproducible data. 


Since visible sweat was present in a few of the experiments to be described 


the possibility that surface sweat influenced the sebum measurements had to 
he considered. 

Sweat specimens were obtained by carefully touching a glass rod to a sweat 
droplet on the skin surface (forehead). These were immediately tested for 
spreading effect in order to avoid the factor of evaporation. 

It was repeatedly found that sweat collected three and six minutes after 
wiping the skin with an ether-soaked cotton pledget, which removed both surface 
sweat and sebum, had no spreading effect whatsoever. On the other hand, it 
was demonstrated that sweat from an unwashed skin surface, as well as from 
one fifteen minutes after washing, did yield readings which were from 7 to 15 
per cent of those given by sebum specimens collected under standard conditions 
from the same site as the sweat, and immediately after the sweat specimens were 
obtained. This 7 to 15 per cent spreading effect of sweat is believed to be at- 
tributable to contamination of the sweat by sebum. It is, of course, theoreti- 
cally possible that even though sweat alone gives no spreading effect, the pres- 
ence of sweat might result in a reading different from that obtained from the 
same amount of sebum alone. It is difficult to eliminate this possibility eom- 
pletely. However, the absence of a simple parallelism in the relation of surface 
sweat to sebum (sebum output increased in the presence of sweating in a warm 
environmental temperature and decreased in the presence of sweating during 
immersion of the legs in hot water—see results) suggests that such a possibility 
is quite remote. 

On the basis of all the foregoing, it seemed legitimate to employ this method 
of collection in an investigation primarily aimed at the detection of alterations 
in the quantity of surface sebum, but not coneerned with the absolute amount 
of sebum either in grams per unit area or unit time. 


SUBJECTS 

Six healthy adults, ranging in age from 25 to 35 vears, voluntarily sub- 

iitted to the experiments to be described, except for those involving ACTH. In 

the latter experiments, the subjects were three patients with migraine headache. 

The majority of experiments were conducted two or more times on each of four 

subjects. Every experimental procedure was performed on at least two indi- 
\iduals. 

PROCEDURES AND RESULTS 

1. Removal of Facial Surface Sebum.—By thorough washing of the face with warm 

ter and soap, followed by a complete rinsing with cool water, or by firmly wiping an 

a of skin a few times with a relatively fat-free, ether-dampened cotton pledget, surface 

um could be removed. Immediate application of a glass rod to a skin surface so 


insed yielded zero readings, i.e., no spreading effect (Fig. 4). 


Comment.—Since it was more simple and reliable, the ether-soaked cotton 
p -dget technique of surface sebum removal was used in all subsequent experi- 
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ments. It is recognized that ether is an irritant and when repeatedly applied 
to the skin it may exert some influence on sebum secretion. Such a possibility 





does not seem to be important, however, in the short-term experimental pro- 
cedures described below since the use of ether did not preclude increased, de- 
creased or unchanged sebum output if the experimental conditions were ap- 








propriate. 

















2. Reaccumulation of Facial Surface Schum.—Sebum collections made at one minute 






after removal of an hour’s accumulation of facial surface sebum (‘‘control’’), and there 
after, from approximately the same site, at five-minute intervals, demonstrated that sebum 





reaccumulated at a rate such that approximately the prewash control level was reached 







within sixty minutes (Fig. 4; ‘‘right angle of nose’’ 
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Fig. 4.—Serial sebum collections from right and left ‘angles of the nose” in healthy sub 
ject. The figure illustrates: (1) removal of surface sebum by washing (‘“Contrel’” = sebun 
accumulation one hour after washing); (2) sebum reaccumulation following single washings 
(“right angle of nose’); (3) stability of sebum output during a tranquil period demonstrate 
by periodic washing at fifteen-minute intervals (“left angle of nose’’). 
















Comment.—tThese results generally conform to those of Emanuel*® ® an 
others,'® °° the only disparity being in the length of time necessary for th: 
surface sebum to reach the previous control level. The relatively rapid rate o 







reaccumulation found in the present study may perhaps be explained by th 
fact that these sebum specimens were obtained from the ‘‘angle of the nose, 







a sebum-rich area. 











3. Stability of Sebum Output During a Tranquil Period.—It was found by period 
washing of the skin of the face, and by making equally spaced sebum collections durit 
periods of tranquillity, that practically uniform and stable sebum output in that sk 
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area was maintained (Fig. 4; ‘‘left angle of nose’’). Periodic washing and collections 
at fifteen-minute intervals were continued experimentally up to a maximum of ninety 
minutes. The irritant effect of the ether on the skin, manifested by mild local ‘‘ soreness, ’’ 
precluded further extension of these experiments, 

Comment.—These data are opposed to those of Kmanuel,® who observed that 
the more frequently surface sebum was removed the more rapidly it reaeeumu- 
lated. On this basis the periodie washing in the present experiments would have 
yielded a steplike result instead of the stable output actually found. 
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SYMMETRICAL FACIAL AREAS 


Simultaneous sebum collections from symmetrical areas of the face in healthy subject. 


4. Symmetrical Distribution of Facial Surface Sebum.—When simultaneous sebum col- 
ctions from symmetrical areas of the forehead, cheeks, chin, and nose were made, it was 
uund that the general level of facial sebum varied a good deal from person to person, and 
en in the same subject from day to day. In any one individual, however, the quantities 

sebum from each pair of symmetrical areas were nearly equal in amount at all times. 
irthermore, in each individual, the amounts of sebum from the forehead, cheek, chin, and 
se on one side of the face maintained roughly the same relationship to each other (Fig. 5). 

The most sebum-rich site in every case studied was the ‘‘angle of the nose.’’ Beyond 
s, the pattern of proportionality of sebum levels (from the three remaining unilateral 
‘as) was somewhat different, and seemingly characteristic, for each individual. For ex- 
ple, in one subject the quantity of sebum obtained from the chin was always greater than 
it from the forehead, and the amount from the forehead was always greater than that 
m the cheek. In another subject the relationship was consistently forehead > chin 


cheek, 


Comment.—These observations support, and augment, the work of Emanuel’ 
d Doupe.* The former previously demonstrated that there were anatomical- 
rional differences in sebum output with maximum levels obtained from the 
ehead (only head area studied) and decreasing amounts in the following 
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order: midchest, midback, abdomen, arms, and legs. Doupe noted that sebum 






secretion from anatomically symmetrical areas in normal subjects varied in 






amount by no more than 3 mg. per 100 sq. em., which he considered to be in- 







significant. 

These data also suggest that, though the facial surface sebum may vary 
a good deal quantitatively from time to time, this is not a localized and selective 
phenomenon. Rather, such fluctuations usually involve all regions of the face 







equally and simultaneously. 





It was on the basis of these observations that the use of a single site for 






the collection of facial sebum seemed justified. Since the ‘tangle of the nose’ 






was demonstrated to be the most consistently sebum-rich area of the face, it 





was selected as the site of sebum collection to be used routinely in all experi 








ments. 





5. Daily Variations in Facial Surface Sebum.—Daily sebum collections were made in 


six healthy subjects for thirty days. The procedure adopted, in an attempt to avoid as 






much as possible the many extraneous factors which might conceivably influence the day 





to-day level of surface sebum, included the following: 






1. All subjects were instructed to avoid touching the skin of the face between the 


time it was washed and the time the sebum specimen was obtained. 






2. Sebum collections were made at the same time every day, usually two hours after 





the morning washing routine. 
3. All sebum collections were obtained from the ‘‘angle of the nose.’’ 
4, Note was made of daily fluctuations in activity, diet and mood of the subjects, 






as well as environmental factors to which the subjects were exposed. 
5. A gross appraisal of the oiliness of the skin was routinely made at the time the 







sebum specimens were collected. 






As is exemplified in Fig. 6, there were marked daily variations in the quantity of 
facial sebum secretion in all subjects. In the instance of Subject A (Fig. 6), the range 






of sebum spreading effect was from 0.69 square inch to 3.60 square inches. 











Comment.—Although immediately successive daily determinations were 
not of the magnitude noted above, the day-to-day fluctuations in facial surtace 






sebum secretion in all subjects were quite striking. Grossly, little change in 
skin oil could be detected with certainty from day to day, the only exception to 
this being on the days when the sebum level was at its lowest limits. Quite 
commonly, on these days, the subjects spontaneously commented on the fact 








that their ‘‘skin seems drier than usual.’’ 
On some of the days when the sebum secretion was greatest, the subjects 
were angry or frustrated, while on other days when the surface sebum was at 







j 


its lowest ebb, they were depressed and ‘‘moody.’’ It must be emphasized, 
however, that on a number of days when the sebum spreading effect was equall) 







great or small, no apparent deviation in mood could be detected. Thus, eaution 






is warranted regarding the significance of these observations. It would seer 
that, though these data are suggestive, they are in no way conclusive wit! 
respect to the significance of mood in the daily variations in facial surfa: 








sebum found in these healthy subjects. 
It was not possible to make significant correlations between daily fluctu 
tions in the output of surface sebum and alterations in environmental temper 










METHOD FOR COLLECTION AND DETERMINATION OF SEBUM 99 


ture and humidity, diet, nor with the minor changes in physieal aetivity, whieh 
were either the consequence of the day-to-day occupational demands, or the 
choice, of the individual subjects. 

Emanuel® noted that daily variations in sebum level, up to 30 per cent, 
occurred in normal subjects, but made no attempt to explain this phenomenon. 
The day-to-day fluctuations in the output of facial surface sebum found in the 
present study far exceed 30 per cent. This is apparent in Fig. 6, for example, 
where the mean daily sebum spreading effect is 1.96 square inches, and the 
range from 0.69 to 3.60 square inches. Some ot the diserepaney between the 
findings of Emanuel and those in this study might be related to the difference 
in the methods used, to the conditions of collection, or to the ehoice of site for 


sebum specimens. 
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Daily sebum collections in healthy subject (subject A) over thirty-day period. Note 
marked fluctuations in facial sebum output from day to day. 


The net results of both studies, however, are in accord as to the occurrence 

relatively marked daily fluctuations in the output of surface sebum,  Al- 
hough an attempt was made in the present investigation to correlate these 
cCianges with a variety of possible influences, no single factor of prime im- 
portance could be found responsible. Thus it might be coneluded that such 
aterations oecur as the result of the combined effect of a variety of factors, 
ther than of any one of these alone. 

6. Effects of Miscellaneous Procedures on Facial Surface Sebum.— 

a. Exercise: Four exercise experiments were carried out on two subjects. Sebum col- 
l tions were made from the ‘‘angle of the nose’’ at fifteen-minute intervals: two before 


exercise and four after. The standard exercise used was the Masters two-step procedure in 
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which two steps, each 9 inches in height, are ascended and descended for a period of five 
minutes, Prior to and after this short exercise period the subjects were inactive and _ re- 
laxed. The room temperature was constant throughout the experiments. 

As exemplified by Fig. 7, in each of the four experiments a delayed rise in the output 
of facial surface sebum occurred which was first apparent thirty-five to sixty minutes after 
exercising. The maximum rise was from 50 to 240 per cent of the average pre-exercise level. 

b. ACTH: Beeause it has been reported that administration of ACTH is associated 
with acneiform eruptions,’ four sebum experiments were performed on three patients who 
were receiving this agent for the purpose of evaluating its effect on their migraine head 
aches. Serial sebum collections were made from the ‘‘angle of the nose’’ at thirty-minute 
intervals; two before and six after the intramuscular injection of 35 to 150 mg. of ACTH. 
Throughout the experimental period the room temperature remained constant, and the 


patients were recumbent. 
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Fig. 7.—Delayed rise in facial sebum output following five-minute exercise period. 





In three experiments on two patients there was a delayed rise in the surface sebun 
which reached its maximum (90 to 180 per cent) one and one-half to two hours after the 
ACTH injection. In the single experiment performed on the third patient no such rise 
occurred, the sebum output remaining essentially unchanged throughout the period of 


observation (four hours). 





ce. Environmental temperature: Since others4. 7,12 have reported sebum secretion t' 
be increased in hot and decreased in cold environmental temperatures, four experiment 
of this type were conducted on two subjects. Serial sebum collections were made fron 
the ‘‘angle of the nose’’ before, during, and after exposure of the subjects for thirt 
minutes to warm or cool environments. Two fifteen-minute sebum collections were mad 
while the subjects spent an initial thirty minutes in an environment of 32° to 33° C., tw 
more collections were taken during thirty minutes spent in a warm (40° C.) or co 
(10° C.) external temperature, and, finally, two fifteen-minute collections were made afte 
the subjects returned to the original temperature for thirty minutes. Throughout th 
experiments the subjects were inactive and relaxed. 

As may be seen in Figs. 8 and 9, the facial sebum output increased (130 per cer 
and 250 per cent) during the period spent in the warm environmental temperature, ar 
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decreased (45 per cent and 60 per cent) during the first thirty minutes spent in the cold. 
In all experiments the output of surface sebum came back toward, or to, the previous 
control level, when the subjects returned to the original environmental temperature. 

d. Hot air: Three experiments were carried out on two subjects in which a stream of 


hot (40° C.) air was directed at one nasolabial fold for thirty minutes. The remainder of 
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Abrupt rise in facial sebum output during thirty minutes spent in warm (40° C.) 
environment. 
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the face, and particularly the other ‘‘angle of the nose,’’ was protected by a shield from 
the hot air stream. Serial sebum collections were made from both angles of the nose at 
fifteen-minute intervals, and skin temperature measurements were made over both sites 
Hardy radiometer! before, during, and after exposure of one nasolabial area to the hot 
air stream. Throughout the experiments the subjects were relaxed and the room tempera 
ture remained constant. 

In each of these experiments there occurred an increase (12 per cent, 45 per cent, 
129 per cent) in sebum secretion at the ‘‘angle of the nose’’ during the time it was ex 
posd to the hot air stream. Simultaneously, there was no significant change in sebum out 
put from the other ‘tangle of the nose.’’ Likewise, during the thirty minutes exposure 
to the hot air there was an increase (2° CC.) in the skin temperature on the exposed side, 
but practically none (0.1° C.) on the unexposed side. A return of the sebum output 
toward the initial control level occurred on the exposed side coincident with decrease in 
the skin temperature on that side after stopping the hot air stream, There was no evi 


dence of facial vasodilatation in any of these experiments. 
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Fig. 10. Abrupt fall in facial sebum output during period of facial vasodilatation and increas‘ 
in skin temperature induced by nicotinic acid. 


e. Immersion of legs in hot water: In two experiments on two subjects, serial sebu 
collections were made from the ‘‘angle of the nose’’ at fifteen-minute intervals befor 
during, and after immersion of the legs in water at a temperature of 42° to 43° C, Thi 
procedure produces a rise in skin temperature of the face and facial flushing. 

In both experiments there was a decrease in facial surface sebum secretion durin 
immersion amounting to 26 per cent of the control output in one case and to 50 per cer 
in the other. 

f. Nicotinic acid: Each of two subjects was given 200 mg. of nicotinic acid by mout 
for the purpose of producing a facial flush. Serial sebum collections were made from t!} 
‘‘angle of the nose,’’ and skin temperature measurements were made over the ipsilater 
malor eminence by using a Hardy radiometer!® before and after administration of t) 
agent. 

As shown in Fig. 10, an abrupt fall in facial surface sebum, 45 per cent in one ¢a 


and 70 per cent in the other, occurred during the period of facial vasodilatation and 
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crease in skin temperature. A return of the sebum output toward the control level oc- 


curred in both cases, with subsidence of facial flushing and fall in skin temperature. 


Comment.-It_ was initially inferred that there might be some direct rela- 
tionship between vascular changes in the skin and sebum secretion, since heating 
the skin of the face by external means (hot environmental temperature and hot 
air stream) lead to increased sebum output. An obvious assumption might be 
that such heating of the skin resulted in facial vasodilatation and that increased 
sebum output was a consequence of this vascular change. Vasodilatation was 
not evident, however, during the hot air stream experiments, and only ques- 
tionably present in the hot environmental temperature studies. In the two types 
of experiments designed to produce maximal facial vasodilatation (immersion 
of legs in hot water and nicotinie acid), there was actually a fall in sebum out- 
put, even though the skin temperature rose. Thus, the results of these ex- 
ploratory experiments do not suggest any simple hypothesis about the mech- 
anism of facial sebum secretion in terms of its possible relationship to vaso- 
motor changes in the skin. 

The similarity between the effects of ACTH and exercise on facial sebum 
secretion is interesting, and perhaps is the result of a common mode of action. 


SUMMARY AND CONCLUSIONS 


A new method for the collection and quantitative estimation of surface 
sebum is deseribed which has been applied to an investigation of some factors 
influencing facial sebum secretion in the human being. 

It was found that facial surface sebum: (a) Was removed by washing the 
skin with soap and water, or with an ether-soaked cotton pledget. (b) Re- 
accumulated at the ‘‘angle of the nose’’ at such a rate that approximately the 
pre-wash control level was reached within sixty minutes. (e@) Was maintained 
at practically a uniform level during periods of tranquillity. (d) Had a sym- 
inetrical distribution, and variations in facial sebum secretion were not localized 


and selective but occurred in all areas of the face equally and simultaneously. 
e) Fluctuated markedly from day to day. It was not found possible to cor- 
relate these alterations with any single factor. Thus it is suggested that this 
phenomenon might have been a result of the combined influence of several. 


f) Was influenced by a variety of experimental procedures associated with 


altered temperature of the facial skin. The results of these studies did not, 
wwever, lend themselves to any simple interpretation with regard to the rela- 
tionship, if any, between sebum secretion and vasomotor changes in the skin 
the face. 
REFERENCES 


Behrman, H. T., and Goodman, J. J.: Skin Complications of Cortisone and ACTH 
Therapy, J.A.M.A. 144: 218, 1950. 

Berry, C.: Personal communication (1949). 

Butcher, E. O., and Parnell, J. P.: Sebaceous Secretion on the Human Head, J. In- 
vest. Dermat. 9: 67, 1947. 

Butcher, E. O., and Parnell, J. P.: The Distribution and Factors Influencing the 
Amount of Sebum on the Skin of the Forehead, J. Invest. Dermat. 10: 31, 1948. 

Butcher, E. O., and Coonin, A.: The Physical Properties of Human Sebum, J. Invest. 
Dermat. 12: 249, 1949. 





104 LORENZ, GRAHAM, AND WOLFF 


6. Doupe, J.: Studies in Denervation, J. Neurol., Neurosurg. & Psychiat. 6: 94, 1943. 

7. Diinner, M.: Der Einfluss physikalischer Faktoren (Druck, Temperatur) auf die Tal 
gabsonderung des Menschen, Dermatologica, 93: 249, 1946. 

8. Emanuel, Sv.: Quantitative Determinations of the Sebaceous Glands’ Function, with 
Particular Mention of the Method Employed, Acta. dermat.-venereol. 17: 444, 
1936, 

9, Emanuel, Sv.: Mechanism of the Sebum Secretion, Acta. dermat.-venereol. 19: 1, 1938. 

10. Hardy, J. D., and Soderstrom, ©. F.: An Improved Apparatus for Measuring Surface 
and Body Temperature, Rev. Scient. Instruments 8: 679, 1937. 

11. Jones, K. K.: A Micromethod for Fat Analysis Based on Formation of Monolayer 
Films, Science, 111: 9, 1950. 

12. Kuznitzky, E.: Experimentelle und klinische Beitriige zur Frage der Hauttalg Sekre 
tion, Arch. Dermat. u. Syph. 114: 691, 1913. 

13. Linser, P.: Uber den Hauttalg beim Gesunden und bei einigen Hauterkrankungen, 
Deutsches Arch. f. klin. Med. 80: 201, 1904. 

14. Lorenz, T. H., Graham, D. T., and Wolf, S.: Life Stress, Emotions, and Human Sebum: 
their Relevance to Acne Vulgaris. (In preparation. 

15. Lorenz, T. H., and Wolff, H. G.: Life Situations, Emotions and Acne Vulgaris, (In 
preparation. ) 

16. Miescher, G., and Schénberg, A.: Untersuchungen iiber die Funktion der Talgdrisen, 
Bull. schweiz. Akad. med. Wissensch. 1: 101, 1944. 

17. Pachur, R.: Quantitative und qualitative Bestimmung der menschlichen Hauttalges, 
Dermat. Ztschr. 60: 486, 1930-31. 

18. Rosenfeld, G.: Hauttalg und Diit, Zentralbl. f. inn. Med. 27: 986, 1906. 

19. Schur, H., and Goldfarb, L.: Zur Physiologie und Pathologie der Talgsekretion; Unter 
suchungsmethodik und allgemeiner Sekretionsmechanismus, Wien. klin. Wehnscebr. 
40: 1255, 1927. 

20. Serrati, B.: Influenza del Sistema Nervoso sulla Secrezione Sebacea, Riv. di pat. nerv. 
52: 377, 1938. 

21. Wolff, H. G., Lorenz, T. H., and Graham, D. T.: Stress, Emotions and Human Sebum: 
their Relevance to Acne Vulgaris, Tr. A. Am. Physicians. (In press.) 





VARIATIONS IN THE PROTEOLYTIC AND THE ANTIPROTEOLYTIC 
REACTIONS OF SERUM: EFFECT OF DISEASE, TRAUMA, X-RAY, 
ANAPHYLACTIC SHOCK, ACTH, AND CORTISONE 


EUGENE E. Cuirrtox, M.D.* 
New Haven, Conn. 


IGNIFICANT increases in the antiproteolytic activity of serum oceur in 

disease states, especially in those patients with malignant neoplasms, acute 
infections, pregnancy, and in the postoperative state.'"’ It has been suggested 
that this antiproteolytic material is either a protective antienzyme or a product 
of protein digestion by proteolytic emzymes. If either of these explanations is 
correct, one would expect to find changes in the proteolytie activity of the serum 
correlated with changes in the level of the antiproteolyvtie activity. 

Under normal conditions human blood plasma or serum shows little spon- 
taneous proteolytic or fibrinolytic activity, but rather contains an inactive 
precursor called plasminogen.'! Dastré!? first indicated that proteolytie 
enzymes were present in the blood. As shown by Delezenne and Pozerski and 
others, treatment of serum with chloroform results in a definite increase of 
proteolytic activity.'°'' Yamakawa’ produced activity by ..e use of other 
substanees, ineluding aleohols. The most consistent and rapid activator of 
plasminogen has been streptokinase,” '* but Gerheim and others have also re- 
ported the observation of an active staphylokinase,'" the activity of which 
has been confirmed in this laboratory.*” 

The isolation and identification of the proteolytic and fibrinolytic enzymes 
of serum is still the subject of study. As early as 1936 Milstone’® was able to 
partially separate the precursor plasminogen. Tagnon'® and others partially 
separated the chloroform activated enzyme. At the present time attempts are 
being made by Christensen and associates,?! among others, to further purify 
plasminogen or plasmin and isolate the proteolytic or fibrinolytic enzyme. 
l’lasmin (activated plasminogen) is similar to trypsin in that it is a proteolytic 
eizyme which affects fibrin, fibrinogen, casein, gelatin, hydrolysin, and other 
sibstrates, but they are not identical because of a difference in the optimum 
pil for activity, quantitative differences in the breakdown of the above sub- 
s'rates, and the results of tests on specifie substrates.‘ °° 

A method for assay of this proteolytic precursor (plasminogen) in small 
q antities of serum has been developed along with objective methods of de- 


te mining the antiproteolytic activity.” ** These substances have been studied 
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in several animals and in human patients under varying conditions. Sera of 


some of the other animals have been shown to have more spontaneous activity 
than the human being, while others have equal or even lesser activity." 

Increased fibrinolytic activity of the blood has been observed in shock,?* °° 
after injection of adrenalin,?® at post mortem after death from severe trauma,*' 
with peptone shock in dogs,** *" after electrically induced convulsions,’ in 
some liver diseases,“'~* and in hemophilia.*! Since we had previously observed 
an elevation in the antiproteolytic activity of the serum in postoperative 
patients, patients who had been subjected to trauma, and patients and animals 
who had been subjected to x-ray therapy, it seemed desirable to study together 
the proteolytic and antiproteolytie activity of the serum produced by these 
modalities, 

MATERIAL 

Blood was obtained from patients with and without disease, patients receiving X-ray 
therapy, nitrogen mustard, Coley’s toxin, radioactive iodine, cortisone, or ACTH therapy, 
patients before, during, and after operation, and patients who were the victims of significant 
trauma, After permitting the blood samples to clot, they were centrifuged and the serum 
withdrawn and frozen until the analyses could be performed. In all instances where possible, 
a control blood sample was obtained before treatment. The time sequences varied somewhat, 
with the first specimen being obtained from three minutes to thirty minutes after treatment, 
but under ordinary circumstances samples were obtained at one, two, four, eight, twelve, and 
twenty-four hours after treatment or injury. In rare instances, hourly samples for twenty 
four hours were obtained. 

METHODS 

Proteolytic activity was determined by the method previously deseribed?3 and modified as 
follows: in place of the blank using the blue dye T-1824, the color produced by the reagents 
themselves is used as the blank in each series. Using the blank as a_ reference, the 
galvanometer index is placed at 100 per cent transmittance or 0 concentration, The per cent 
transmission is then read directly and the amount of tyrosine produced is determined from the 
graph. 

Antiproteolytie activity (APL) was determined by a method previously reported.6 

RESULTS 

I. Correlation of Plasminogen Activity With the Disease State in Patients 
Receiving No Special Treatments. 

A total of 143 sera from 127 patients were tested, and an attempt was mad: 
to correlate the results of the proteolytic activity with the disease state of th: 
patient. Definite variations among patients have been shown in the amoun 
of plasminogen demonstrated by this test. Using streptokinase activation, 
which in general is the most rapid and complete, the amount of tyrosin 
liberated has varied from 0.071 mg. to 1.162 mg.; with protamine activation, 
the tyrosine liberated has varied from 0.000 to 0.395 mg. With spontaneous 
activation, the tyrosine liberated varied from 0.000 to 0.505 mg. 

The results of these tests are reported in A, B, and C below. The strept:- 
coccal infections are treated separately in A because of the positive resul’s 
obtained. 
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A. Streptococcal infections (17 patients): Seventeen patients were studied 
with plasmin activity determination and streptococeal antifibrinolysin tests.**° 
There was a direct correlation between positive antifibrinolysin tests and de 
creased activation with streptokinase in five tests on four patients with late 
streptococeal infections or recovering from streptococeal infections (Table I). 
Three other patients gave the typical decreased activation by streptokinase, and 
all had had recent acute upper respiratory infections. Only one of these three 
patients, No. 7 in Table I, had a streptococcal antifibrinolysin test performed 
which showed a normal lysis time, one week after a severe pharyngitis. 

B. All diseases (127 patients): The 127 patients were arbitrarily divided 
into several groups: /, thirty-eight patients with malignant neoplasm; //, nine 
patients with tuberculosis; ///, eight patients with streptococcal infections; /V, 
twenty-one patients with benign tumor or with no apparent disease; V, thirty 
eight patients who had other types of disease, ineluding heart disease, liver 


APL 
PATIENT Yo NORMAL s* P (a) SKP AFL 

1. M.R. A96315 228 ——i—‘71t«iCD 0.035 Lysis >24 hr. (+) 
2. J.8. ©C20147 143 0.156 0.175 0.137 Lysis >24 hr. (+) 
3. E.P. B10627 17] 0.08 0.225 0.048 Lysis >24 hr. (+) 
4. J.E. ©18410 157 0.15 0.187 0.045 Lysis >24 hr. (+) 
5. JE. ©18410 125 0.123 0.228 0.092 Lysis >24 hr. (+) 
6. M.D. 27379 100 0.953 0.148 0.138 Lysis 3-8 hr. (#) 
7. G.M. Employee 100 0.162 0.165 0.018 Lysis 30 min. (-) 
8. L.R. 26887 243 0.858 0.128 0.033 Lysis 30 min, (—) 
9, E.M. C7688 >214 0.336 0 0 Lysis 30 min. (-—) 
10. J. H. DC1306 >286 0.338 0.06 0.025 Lysis 30 min. (-) 
ll. F. F. B13991 100 0.857 0.283 0.113 Lysis 30 min. | 
12. A.D. 6864] 114 0.452 0.21 0.15 Lysis 80 min, | 
13. M.C. ©C15481 243 0.416 0.082 0.035 Lysis 1 hr. ( 
14. C.C. No. 1 187 0.515 0.04 0 Lysis 30 min. (—) 
15. C.C. No. 2 138 0.085 0.018 0 Lysis 1-3 hr. (-) 
16. C.C. No. 3 87 0.385 0 0 Lysis 1-3 hr. f—) 
17. M. B. B98840 >214 0.797 0.075 0.003 Lysis 30 min. (—) 


Results in milligram tyrosine produced with patients on whom streptococcal antifibrinolysin 
tests were done on blood drawn at same time as blood for proteolytic activity. Note diminished 
relative streptokinase activity in all patients without lysis and in one other (No. 7) who re- 
cently had an upper respiratory tract infection. C.C. No. 1, 2, and 3 were three children from 
Children’s Center at New Haven. 

S = streptokinase activator. P = protamine activator. O - spontaneous activation. 
SKP AFL = streptococcal antifibrinolysin test. API. — antiproteolytic test. 


TABLE IT 





PROTEOLYTIC GROUPS 











ACTIVITY = l IV l v.—sr':i«|:sésonm,vy,vy, vi 
Range 0.008-0,182 0.015-0.206 0.000-0.172 — 0.000-0.206 
Mean 0.060 0.075 0.071 0.074 





Range and mean of spontaneous plasmin activity as measured by milligrams tyrosine 
)roduced correlated with the patient’s disease. Group I, patients with malignant tumor; Group 
V, patients with no evident disease or benign tumor only; Group V, all other diseases except 
patients with streptococcal infection (Group III), tuberculosis (Group II), and patients who 
ad definitive therapy for carcinoma and were without evidence of carcinoma at time of test 
(Group VI). The last column contains the data for the combined group of patients without 
‘vidence of malignant neoplasm (Groups II through VI). Note that there is little variation 
in the mean for the three groups of diseases other than malignant tumor. 





*These tests were performed in the Laboratory of Pediatric Bacteriology, New Haven 
| ospital, by Mrs. Mildred Fusek through the courtesy of Dr. Edward Rabe. 
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disease, diabetes, and infections of various types; and V/, a group of five patients 
who had had definitive treatment for carcinoma without clinical evidence of 
recurrence. Four patients with diagnosis not definitely proved are excluded 
from the results. 

In Table Il only groups 1, [V, and V are treated separately because of the 
very small numbers of cases in the other groups. It is apparent that the ser 
from patients with malignant neoplasia (Group 1) in general developed 
slightly less proteolytic activity spontaneously. This is more evident in the 
mean values than in the range of activity. In addition, the ratio of patients 
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Fig. 1.—In this and all subsequent figures the spontaneous proteolytic activity in 
milligram tyrosine produced is indicated by the -, while the antiproteolytic activity (APL) in 
per cent of a normal control is indicated by the x. 

The time intervals after incision are indicated below, as are the number of patients fron 
whom a specimen was obtained at each time. 

Note the marked increase in proteolytic activity beginning one hour after the incision 
The fluctuations in the first twenty-four hours after operation are undoubtedly due to_ the 
postoperative reactions of the patients. The rise in APL activity and decrease in proteolyti 
activity beginning twenty-four hours after operation is obvious. 
whose sera developed less than half the maximum activity with each type o 
activation was significantly greater in the group with malignant neoplasi 
as opposed to all other groups. 

(. Correlation of plasminogen activity with the antiproteolytic titre (1. 
patients): Sinee the sera of patients harboring malignant tumors have ord 
narily high antiproteolytiec titers, the relation of this to the plasminogen lev: 
was next studied. Certain consistent differences were observed (Table III 
It is apparent that the sera from patients with very high antiproteolyti 
(APL) titers (above 200 per cent of normal) show the least plasmin activit) 
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while those in the group with low APL titers show the most activity. Those 
patients with sera in the intermediate APL ranges (125 to 149 per cent and 
150 to 199 per cent of normal) fall into an intermediate group with relation 
to proteolytic activity. 
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Fig. 2.—An individual subjected to a traumatic operation (thoracoplasty). Note the 


se in proteolytic activity ten minutes after incision and lasting until closure with a post- 
erative return to normal while the APL activity rises markedly. 

The obvious suggestion is that this decreased activity in the sera of 
itients with high APL aetivity is due to the presence of APL material in the 
asminogen. However, our standard test for APL activity’ failed to show 
uy such activity in the euglobulin fraction containing the plasminogen, and 
deed all activity was found to remain in the supernatant after the precipita- 
on of the euglobulin fraction. 
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TABLE III 


PROTEOLYTIC APL 


ACTIVITY 200% 150% -199% 125%-149% | BELOW 125% 
“Range 0.000-0.1388  —————«0,000-0.270 0,000-0.230 0.000-0.305 
Mean 0.049 0.056 0.068 0.080 
Variation in spontaneous proteolytic activity with antiproteolytic activity. The APL 
activity is recorded in terms of per cent of a normal control. The inverse relationship is 


particularly obvious in the means. 


Il. Patients Subjected to Tissue Trauma, Including Therapeutic Measures- 

These patients are an entirely separate group from the above 127. 

A. Patients subjected to surgery (20 patients): Results of these studies are 
not as clear-cut as with other treatments because of the effeets of the many 
drugs used for anesthesia, treatment of shock, repeated transfusions, and other 
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Fig. 3.—An individual subjected to a less traumatic operation. Note minimal changes 
in both proteolytic and APL activity. In this one chart the -’s are connected by broken lines 


and x's by complete lines, the reverse of all other charts. 


therapeutic agents. From Fig. 1 it will be observed that there is a slight 
preoperative elevation of proteolytic activity with a drop following pre 
medication and a marked increase during the operation. This increase occurs 
during the major traumatic part of the procedure. At the time of closur 
there is a drop in proteolytic activity with a variable immediate postoperativ: 
course, and after twenty-four hours with adequate recovery of the patient : 
subsequent drop to preoperative levels or below. In contrast to the proteolyti 
activity the APL material decreases during operation, and in general shows a 
inverse relationship to the proteolytic activity. 

With major shocking operations involving much tissue trauma, there is 
markedly exaggerated reaction of this general type (Fig. 2) which ean | 
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(Fig. 4). 
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contrasted with the reaction to lesser operations such as herniorrhaphy or re- 
moval of a neurofibroma (I ig. 3). 

The preoperative increase in proteolytic activity is possibly the result of 
adrenal stimulation. 


It has been observed that those patients fearful of the 


impending procedure are more likely to show a significant preoperative effeet 
The effect of adrenal hormones is shown in subheading E (below). 
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Fig. 4.—Patient who had major traumatic surgery. Note high preoperative level of 
( }oteolytiec activity. This patient had had two previous operations for the same condition 
th severe reactions, and was obviously anxious. There is an operative rise in proteolytic 


ivity and decrease in APL activity with a postoperative 


b. Patients subjected to radiation therapy (15 patients): 


reversal. 


Patients were 


s died who were subjected to x-ray therapy for treatment of malignant tumor. 





ese patients are better controlled since they received very few drugs or 
‘atments other than x-ray during the experimental period. 


A definite increase 
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Fig. 6. 


Figs. 5 and 6.—xX-ray therapy patients, first treatment in each case. There is an 
vious rise in proteolytic activity with a simultaneous decrease in APL activity. In most ca 
treated with x-ray two peaks are observed as with these particular cases, usually at ab 
one-half to two hours and six to ten hours after treatment. 
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in proteolytie activity of serum occurred within sixty minutes in most instances, 
and once again the same inverse relationship with the APL reaction was ob- 
served (Figs. 5 and 6). 

It was also observed that those patients who showed the most increase 
in proteolytic activity were those whose tumors showed the most response to 
iherapy. 
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Fig. 7.—Dog subjected to anaphylactic shock. Sudden rise in proteolytic activity within 
{vo minutes after injection at a time corresponding with shock in the animal. The blood 
pressure began to rise at about one hundred thirty minutes and was almost normal at 
tree hours (one hundred eight minutes). At this time the proteolytic activity had also 


urned to normal. The protamine activated proteolytic activity follows closely the sponta- 
us activity. 


C. Patients receiving treatments for tumor such as nitrogen mustard, I 131, 
(oley’s torin (8 patients): Patients were treated with these agents and no con- 
Stent or significant variations in the reactions were observed. With nitrogen 

stard therapy there were significant changes in some eases, and these again 
re in those patients who showed the most response to therapy. 


224A 


D. Anaphylactic shock in the dog (2 dogs): Two dogs were sensitized to a 


man spleen extract as a part of another experiment. Anaphylactie shock 
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was then induced with a proper dose of the same spleen extract. There was 





definite increase in proteolytic activity, and here again there was a partial in. 
verse relationship with the APL (Fig. 7). 

E. Accidental trauma (4 patients): Three patients admitted with moder- 
ately severe injuries showed high spontaneous proteolytic activity and low anti- 
proteolytic (APL) activity at the time of admission to the Emergeney Room, 
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Fig. &.—Patient wounded by 45 caliber bullet. Note steady rise in APL and fall in proteolyt 
activity in this patient in contrast to the following patient (Fig. 9). 


followed by a rapid decrease in proteolytic activity and a slower rise in AP!. 
activity following recovery from shock (Figs. 8 and 9). One patient showe:! 
a second increase in proteolytic activity with decrease in APL activity tv 


hours before death from recurring shock (Fig. 9) in contrast to the patier! 


who recovered (Fig. 8). 
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FE. Adrenal effect; ACTH and cortisone (8 patients, 6 ACTIT, 2 cortisone): 
The most marked increase in proteolytic activity occurred in those patients 
treated with ACTH or cortisone, in minimal therapeutic doses (as little as 10 
me. ACTH and 100 mg. cortisone). There was in no case, however, a cor- 
responding decrease in APL activity. Indeed, there was less change in the 
APL in these cases than with the lesser increases of proteolytic activity after 


surgery, x-ray, ete. (Figs. 10 and 11). 
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Fig. 9.—Patient struck by automobile with ultimate death due to intraperitoneal hemor- 
ge. The high proteolytic activity on admission to the Emergency Room rapidly fell to zero 
th treatment for shock. The temporary improvement of the patient corresponded with a rise 
\PL activity, but with the return of shock on the second day the proteolytic activity again 
reased while the APL activity dropped. 


(r, Patients on routine care (4 patients |controls|): Fig. 12 is an example 
© a seriously ill patient under routine regular hospital care without any 
Cofinitive treatment being carried out at the time. This patient shows minimal 

ration in either proteolytie or APL titer. 

IT. Comparison of proteolytic variations with four types of treatment: Since 
i lividual cases are subject to numerous variations, a graph was prepared 

ig. 12) showing the average increase in proteolytic activity over the pre- 
lininary test in all categories where five or more cases were available for 


Stidy. In the case of the postoperative state, x-ray, and ACTIT treatment, 
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the results at ten minutes, thirty minutes, one hour, two hours, four hours, 
and eight hours after treatment were compared with the controls immediately 





preceding the treatment. In the case of the posttraumatic patients the results 
at thirty minutes, two hours, three hours, four hours, and over twelve hours were 
compared with the results on serum obtained at the time of or shortly after 
admission to the Emergency Room. It is apparent that with operative trauma, 


x-ray, and especially with ACTH treatment, there is an increase in proteolytic 
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Fig. 10.—Patient treated with ACTH, first day of treatment. Note that the scale f 
proteolytic activity is double that used previously (0.02 mg. tyrosine rather than 0.01) whi 
in effect decreases the apparent change in proteolytic activity. Even with this change t 
activity is completely off the scale as indicated by the breaks. There is a sixty-nine-fold 
crease in activity from the preliminary reading to the reading two hours after the seco: | 
dose of 19 mg. ACTH. 


‘ly 


Sin 
















PROTEOLYTIC AND ANTIPROTEOLYTIC REACTIONS OF SERUM Evi 


activity above the preliminary proteolytic activity. In contrast, the first 


blood drawn after trauma showed the highest proteolytic activity, whereas 


subsequent specimens showed progressively less activity. 
DISCUSSION 


The variations in proteolytic activity with streptococcal infections are 
easily explained on the basis of an increase in serum antistreptokinase which 
is precipitated in the euglobulin fraction, Another possibility to be considered 
is an actual variation in the plasminogen itself. This possibility is supported by 


the fact that the streptococcal fibrinolysin test was not positive in two eases 
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; Me 11. Another patient on the second day of ACTH treatment. Note that the pre- 
a iry level is already extremely high, 0.18 mg. tyrosine, much higher than any other 
Ae ng obtain except with ACTH. There is once again a marked increase to 1.337 mg. tyro- 
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(No. 7 and No. 15) with significant decrease in the streptokinase activated 
proteolytic enzyme. This explanation would, of course, necessitate the assump- 
tion that fibrinolysin and proteolytie enzymes are not identical. Preliminary 
work with staphylokinase as an activator indicates that they are indeed dif- 
ferent (data to be published). 

The variations in other diseases (Table II) are much less obvious, and 
from the evidence of Table III are probably correlated with the variations 
in the APL material. These results led to the studies on variations with 


trauma. 
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_ Fig. 13.—Columnar graphs to indicate variations in proteolytic activity with the th: 
main types of treatment studied and with trauma. The base line marked preliminary le\ 
in the case of x-ray, ACTH, and operation, indicates the proteolytic level before treatment w = 
begun. In case of trauma this was the first specimen obtained in the Emergency Room bef: 
any treatment. Note that the ACTH and cortisone patients show the greatest rise. This 
cludes patients who did not have an eosinophile response as well as those who did ha 
adequate dosage. Only trauma shows a decrease in level with treatment. 
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It is clearly demonstrated that there is a definite increase in spontaneous 
proteolytic activity with trauma. This is associated in almost every instance 
with a deerease in APL activity. The activation of proteolytic enzymes is 
possibly due to tissue kinases*® released by tissue injury. With the evidence 
of increase in proteolytic activity preoperatively, however, and especially 
in excitable patients, the possibility that this effect is due to suprarenal stimu- 
lation must be kept in mind. That suprarenal stimulation by ACTH or the 
adrenal hormones themselves (cortisone) will produce a marked increase in 
proteolytic activity is confirmed by the injection of these materials. However, 
it should be noted that with these substances there is not the associated in- 
verse change in the APL activity so clearly seen with trauma; this would in- 
dieate a possible difference in the mechanism. T'urthermore, adrenal hormones 
may still act through liberation of tissue kinases since they are known to 
cause rapid breakdown of tissue, especially certain white blood cells. 

The inverse relationship between the levels of proteolytic enzyme and 
the APL can be explained on the basis of known chemical and biological facts. 
It has been shown that there is a 1:1 inhibition by a molecule of soy bean inhibitor 
acting on a molecule of trypsin.®® * Injeetion of soy bean inhibitor intra- 
venously has been shown to decrease the fibrinolytic activity of mouse serum 
and the proteolytic activity of animal serum in vitro.*’? By contrast, increase 
in proteolytic activity in vitro causes a decrease in APL activity of the serum. 
Injection of trypsin intravenously in various animals, and ehymotrypsin in 
humans, or SKP in humans for treatment of empyema results in a temporary 
deerease in the APL activity of the serum and subsequently, after repeated 
injections (14+ days), an inerease in APL activity (unpublished data*® *'). 
It is not difficult to correlate these known facets with the findings in these ex- 
eriments. 

It is possible that an increased proteolytic activity is of importance in the 
iiaintenanee of the shock state as suggested by the incoagulability of blood 
1 death from shock. Control of this increased proteolytie activity might aid 

the control of shock. Such therapeutie control of the increased proteolytic 
‘tivity might be attained by preliminary elevation of the APL titer or by the 
imediate injection of known inhibitors. 

This data would indieate that in eases where there is eventually a 
tse in APL material, that it is secondary to a rise in spontaneous proteolytic 

tivity. In the case of malignant tumors, this would presuppose the produe- 
ton and exeretion of kinases for plasminogen into the serum, or of active 
) oteolytie enzymes in some quantity. <A less likely supposition is that the 
\\ ole phenomenon is due to adrenal stimulation. 
CONCLUSIONS 

There is a definite decrease in proteolytic activity of serum as activated 
) streptokinase in patients who have had streptococeal infections. 

There is an inverse relationship between proteolytic and APL activity of 
im of patients with other diseases. 
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Physical injury of several types produces an increased proteolytic ae 
tivity in serum with a simultaneous decrease in APL material. These types 
of trauma produce an eventual increase in APL material in most instances. 

ACTH and cortisone cause a marked increase in spontaneous proteolytic 


activity of serum without a simultaneous decrease in the APL activity. 
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EPIDEMIC 








URING the past six vears the medical literature of Great Britain and 

Europe * #° & 5% 2° has earried a number of interesting accounts of 
the association of a special serologic type of coliform organism with cases of 
epidemic¢ diarrhea of the newborn and of infants. The same organism is known 
to occur in this country in outbreaks of infant diarrhea,’ but, to date, an account 
by Neter and Shumway? of its isolation from five sporadic cases is the only 
clinical data to appear in our literature. 

In the present study the history of a hospital outbreak of infant diarrhea 
is reported in which the special coliform organism, E’scherichi colt 111, By,§ was 
isolated from a large percentage of diarrheal infants. The clinical aspects of 
the cases are presented, together with the results of treatment with chloromycetin 
and other agents. 

HISTORY OF THE OUTBREAK 

During the month of August, 1950, five cases of classical ‘‘diarrhea of the newborn’? 
occurred in the well-baby nursery of St. Mary’s Hospital. After routine bacteriologi 
investigation failed to demonstrate the presence of any of the well-known enteric pathogens, 
special attention was paid to the coliform flora, and EC-111 was identified in four cases 
During the subsequent six-month interval, sixty-one cases of diarrhea occurred in the Newbor: 
and Pediatric Services, EC-111 being cultured from the stools in forty-one cases; of the 
nineteen other infants presenting the typical clinical picture, the diarrhea was considered 
to be a complication of other disease in eight (penumonia, staphylococcus food poisoning, 
feeding problems, ete.), while the other eleven presumably represented victims of the epidem 
In all but seven infants, the infection was apparently acquired in the hospital as indicated 
by the fact that diarrhea developed within one week after birth or within ten days following 
the newborn infant’s original discharge from this hopsital. Table I compares the incidence 


of the disease with the infant population of the two services concerned during the period 


the outbreak; the low but constant rate of clinical diarrhea indicates the stubborn nature of 
the disease-producing factor, despite every effort to eliminate it from the infants’ envir 
ment. 

All infants suffering from diarrhea were bottle fed. For: ulas are prepared on {ve 
pediatric floor, whence they are dispensed to the pediatric patients and to those in the w 
baby nursery on the obstetric floor immediately below. No break in aseptie technique could 
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be demonstrated in the processing of the formulas or supplemental feedings, nor was the 
organism ever isolated from the stools from any doctors, nurses, or attendants caring for 
the infants; a total of ninety-three fecal specimens were obtained over a period of four 
months from these contacts. Repeated cultural studies of the materials involved in the 
preparation of the formulas and of the milk used, both before and after sterilization, were 
uniformly negative. In an attempt to locate the source from which the organism was being 
distributed to the hospital’s infant population, stools of all children under one year of age 
admitted to the Pediatrie Service during the months of September to November, inclusive, 
were cultured for EC-111 (see Table IL). Seven infants harbored the organism ix their stools; 
these seven were suffering from various diseases, including pyloric stenosis (one), upper 
respiratory infection (two), appendicitis, (two), and pyelitis (two). In one of the appendicitis 
cases #. coli was isolated from the peritoneal exudate at operation, but unfortunately was not 


tested with typing serum, 


TABLE I. INCIDENCE OF DISEASE CASES 


AUG. | SEPT. OcT, NOV, DEC, JAN. FEB. TOTAL 
Births 269 243 241 241 242 238 20) 1,675 
\dmissions to pediatrics ai 115 148 174 142 174 102 982 
Cases of diarrhea 6 1S 10 7 6 7 10 64 
Cases positive for EC-111 a 16 S 6 _ 3 4 45 
Deaths ig rg l 1 0 1 0 6 
Infants examined (stools) 6 19 16 32 27 82 31 213 


*Premature infan’‘s. 


TABLE II. SUMMARY OF FECAL CULTURE STUDY 


A. NO DIARRHEA MORTALITY | CASES B. DIARRHEA MORTALITY | CASES 

KC-111 not found (pediat 0 142 EC-111 found 6 45 
rlcs ) Prematures q 
HC-111 not found (adults) (0) 93 Newborn 9 
EC-111 found (pediatrics ) (0) is Others 27 

1’ D4v EC-111 not found ( pediat- 
| rics ) 0 1] 
| 6 ~ 56 


No systematic attempt was made to isolate EC-111 from the infants’ throats, but during 
e latter part of the epidemic, throat cultures were made in twelve cases, five being positive 
EC-111; only one of these five infants had been known to vomit during the course of 
illness. The presence of the organism in the throats of affected infants has been reported 
Magnusson et al.1°, and by Neter and Shumway.? 
Control measures to suppress the outbreak included severe restrictions on the number 
visitors permitted to the Obstetrical and Pediatrie Services, rigid supervision of all feed- 
ins and handling techniques by the nursing and medical staffs, and prompt segregation of 
‘«! questionable and frank cases of diarrhea; in addition, patients admitted to the Pediatric 


5) 


So vice were carefully screened as possible carriers. 

There were six deaths, four of them in premature infants, while the other two were 6 
a 16 weeks old, respectively. Necropsy was performed on four of these, but no significant 
1 


fe; ons were found either in the intestinal tract or elsewhere. This lack of anatomic pathology 


in ‘he victims of this form of infectious diarrhea has been noted by several observers.%, 4, 8 
DIAGNOSIS AND TREATMENT 
The only constant and characteristic finding in epidemic diarrhea of the 
ne horn is the diarrhea itself plus the consequent dehydration, electrolyte im- 
be inee, and prostration. Diarrhea is considered to be present if more than four 
Stools are passed per twenty-four hours, whether liquid or formed. There is 
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always some fever present, ranging in our series from 99.8° F. to 105.2° F.; 
leucocytosis is usually present with a moderate or marked elevation of granu 
loeytes; there is no constant pronounced left shift or other helpful hematologic 
observation. 

Once the nature of the outbreak has been suspected, search for HC-111 
should be performed routinely; other pathogens such as organisms of the Sal 
monella and Shigella groups should not, of course, be overlooked. The presence 
of EC-111 can be detected readily, since, characteristically, it appears in almost 
pure growth on MaeConkey's and blood agar media when cultured from diarrheal! 
stools, and produces a somewhat seminal odor on the latter medium. The 
relative proportion of EC-111 to other coliform organisms decreases rapidly as 
an infant’s condition improves. 

The mortality rate in our series is relatively low as compared with that 
reported in similar epidemics during the past several vears in which the rate 
ranged from 19 to 44 per cent; * ' this is probably due to the prompt 
administration of antibioties which have proved to be rather specific for EC-111 
in vitro,*?° as well as in vivo.’® As will be mentioned in a later section, the 
organism isolated in this epidemie was found to be quite sensitive to chloromy 
cetin and aureomyein, the former being selected as the drug of choice because 
of the greater ease of administration. Standard dosage was 50 mg. per kilogram 
ot body weight per twenty-four hours, divided into six doses and given in a few 
cubic centimeters of formula as a special feeding; in infants unable to swallow, 
perforated eapsules of the drue were inserted rectally. Supportive treatment 
was considered very important, careful attention being paid to thud and elec 
trolyvte balance, occasionally supplemented by whole blood transfusions. Strep 
tomyvein was used in a few instances, without substantial benefit, confirming the 
opinion expressed by Holzel and associates.'* The eourse of the disease averaged 
fifteen to twenty-one days in eases considered to be true ‘*diarrhea of the new 
born’’; in contrast to this protracted course, symptomatic or secondary diarrhea 


occurring in the same age groups was usually controlled in five to seven days 


BACTERIOLOGY 


During the early part of this study, fecal specimens in glycerine were mailed to t 
Lansing laboratories of the Michigan Department of Health, 70 miles distant. It was 
determined there that Escherichia coli 111, B, was present in the diarrheal specimens, whil 
Salmonellae and Shigellae were not found. Thereafter the isolation and recovery of EC-111 
from infant specimens were carried out in the laboratories of St. Mary’s Hospital. T 
methods used were aimed primarily at exposing the presence of the special coliform bacteri! 
and were not optimal for recovery of Salmonellae or Shigellae. However, the presence in 
large numbers of organisms of either of the latter groups would, undoubtedly, have | 
detected in a fecal specimen. 

All stools were collected from the infant diapers and placed in clean paper containers. 
They were earried to the laboratory shortly after collection and streaked directly, without 
dilution in broth or saline, onto the surface of MacConkey and blood agar plates. A straig)it 
platinum wire was used for distributing the specimens on the surface of the plates. The fow 
specimens taken from the throat and nasopharynx by cotton swabs were inoculated on M 
Conkey’s, and then transferred to blood agar. 

The peculiar odor produced by EC-111 organisms, both in a stool specimen and on 


artificial media, has been noted by several investigators.1, 8 srav’ found that he could scot 
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place complete reliance on the production of a seminal odor by all strains; nevertheless, the 


odor, When present, was helpful in detecting colonies on agar plates. The gray, nearly flat, 
nonhemolytic colonies of this organism have another characteristic which is helpful in 
recognizing them. On blood agar they are slightly sticky to touch with a wire. In time a 
considerable degree of skill was acquired in the recognition of EC-111 colonies, particularly 
from blood agar. The majority of our isolations were made on this medium. Only rarely 
did the MacConkey plates prove helpful. The special coliform could, of course, be isolated 
from the MacConkey agar, but the distinctive characteristics developed on blood agar were 
lacking. 

It was noted that a stool specimen taken during the acute diarrheal stage frequently 
yielded a nearly pure culture of EC-111. On such plates the seminal odor was strong. Follow 
ing treatment with chloromycetin, there was a rapid change in the flora. The EC-111 
organisms disappeared and were replaced, usually, by other coliforms, streptococci, yeast, and 
staphylococe, 

Colonies displaying the special characteristics of EC-111 were inoculated onto Kligler 
or agar slants and were then incubated for eighteen to twenty hours. The slants were then 
mailed to the central laboratories of the Michigan Department of Health where serological 
and biochemical studies were made, 

All cultures from the St. Mary’s Hospital Laboratory were examined by slide agglutina 
tion technique with two OB sera (see Kauffmann and Dupont! for details of serology). 
prepared in rabbits with living strains of /. coli 111, B, and &. coli 55, B., 6 (Bact. coli beta), 
respectively. The stock strains used for preparation of sera were furnished by Dr, C. Giles, 
then in Aberdeen, Seotland. Our experience has shown that a strong, instant agelutination 
with OB serum of EC-111 may be accepted as positive evidence of the identity of the culture. 
However, all cultures that were strongly agglutinated were streaked to plain agar medium. 


Single colonies were selected by the aid of OB serum, and transters were made to veal infusion 


broth and to triple sugar agar. Growth from the latter medium was transferred to fourteen 
different carbohydrate substrates and to other test media. Observation of carbohydrates in 
which fermentation was delayed was prolonged for thirty days. 

Incubation of broth cultures was made for eighteen hours, then the broth was heated 
for two to two and one-half hours at 190° C,. in flowing steam, Formalin in 0.5 per cent 
concentration was added as a preservative. The heated broth culture constituted the O 


antigen for tests with Z. coli O-111 serum. All cultures which gave a strong agglutination i 


OB serum were tested in an O serum prepared in rabbits with heated #. coli 111, By, culture. 


’lutinated to the titer of the serum. 


oe 
ip 


Without exception, all : 
Two strains of EC-111 isolated from diarrheal infants in St. Mary’s Hospital were 
taken at random for serologic study. Both OB and O serums were prepared for both organ 
sms. Reciprocal absorption studies, made with these cultures and their sera, demonstrated 
hat the organisms were similar in both surface and O antigens. Similar absorption studies 
ere made with each of the St. Mary’s strains, and their sera, together with the Giles strain 
f EC-111 and its specific O and OB sera. A complete similarity of antigenic structure be 
ween the St. Mary’s and Giles cultures was indicated by the absorption and agglutination tests. 
Biochemical studies on the EC-111 cultures isolated during the outbreak revealed a 
ery uniform activity on the part of the various strains. Ali gave typical Escherichia coli 
MVC reactions; that is, all formed indol, were methyl red positive, Voges-Proskauer nega 
ve, and failed to grow on Simmons’ citrate agar. A typical culture fermented the carbo 
drates arabinose, xylose, rhamnose, maltose, lactose, mannitol, and trehalose rapidly. Fer 
tation of duleitol, sorbitol, and sucrose was usually delayed. Glucose, the only carbo 
lrate with a Durham insert, was fermented rapidly with production of acid and gas. 
e carbohydrates adonitol, inositol, and salicin were not fermented in thirty days. Urea was 
t hydrolyzed in the medium of Stuart and Rustigian; only slight H,S was evident on lead 
etate paper strips over peptone water. All cultures were nonmotile in semisolid agar. 
The reaction of strains of Escherichia coli 111, B, in salicin broth may be of epidemio 
ical significance. Salicin fermenting strains were uniformly sensitive in vitro to strepto 


cin, while nonfermenters were uniformly resistant. Ferguson, Jennings, and Gottshall15 
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tested eight strains from the outbreak at St. Mary’s Hospital and found them all to be 
nonfermenters of salicin; they were highly resistant to streptomycin and increasingly sensi 
tive to chloromycetin, terramycin, and aureomycin, in the order named. 

The examination of fecal specimens from nurses, doctors, and attendants in contact 
with infants in St. Mary’s Hospital was made by the Division of Laboratories of the Michi 
gan Department of Health. Specimens were shipped in 30 per cent glycerine containers and 
were in transit about twenty-four hours, They were cultured on blood and MacConkey agar, 
as well as SS and bismuth sulfite plate media. Attempts to detect EC-111 were made by 
slide agglutination technique with specific OB serum. No isolation of the special coliform 
organism was made from any specimen, 

Only two serum specimens from infants were examined for agglutinins for #. coli 111, 
3,. The first was taken from infant D. H. fourteen days after the onset of diarrhea. <A 
heated suspension (O antigen) of EC-111 was agglutinated in a dilution of 1:20 of the 
serum; a living suspension was not agglutinated to any extent by the serum. 

The second specimen was obtained from Baby O. twenty-six days after onset of symp 
toms. A heated suspension of EC-111 was agglutinated in a dilution of 1:256, while living 
organisms were agglutinated to a titer of 1:16. 

It has been noted by one of us, from examinations of serum taken in other outbreaks, 
that serum agglutinins for living suspensions of EC-111 are not high. Agglutinins, if present, 
are detected with heated suspensions. This is in agreement with the experience of Giles, 
Sangster, and Smith. 


DISCUSSION 


It seems clear from the literature on epidemie diarrhea of the newborn that 
a variety of agents may be responsible for this syndrome. This view has been 
admirably summarized by Kirby, Hall, and Coackley,'* who feel that there are 
perhaps six main groups of the syndrome, with one of which EC-111 is associated. 
According to these authors, the svmptoms of the latter group are pronounced 
loss of weight, anorexia, toxemia, diarrhea and vomiting, severe dehydration, 
and a tendency to relapse. Adults are not affected, but the mortality rate is 
high in infants. 

In the series of cases under consideration in this paper the symptoms noted 
by Kirby and co-workers’! were present but not as constant characteristics of 
individual eases. Weight loss, as one would expect, was usual, anorexia was 
frequent, toxemia was variable, vomiting was not present in all cases; the con 
stant symptoms were severe diarrhea and dehydration. Adults were not affected 

The possibility of virus etiology’® was not ruled out in the present stud) 
as well as the possibility that EC-111 represents a symbiotic factor related to th: 
responsible virus. Bray* * also was careful to point out that he had not exclude: 
the possibility of a viral agent. In fact, with the exception of a report in th 
paper of Taylor, Powell, and Wright,’ in which careful attempts were made i 
demonstrate recovery of a virus from four fatal cases, virus etiology has m 
been ruled out by any of the authors who have reported the isolation of th 
bacterium. However, certain facts tend to confirm our impression of a caus: 
relationship between EC-111 and the cases of diarrhea. These are as follows: 
(a) The organism has been found in nearly pure culture, in the absence of know 
pathogens, during the acute stage of diarrhea, while later, during the convalesce 
period, it has been replaced by other enterie bacteria... (b) Ageglutinins f 
E. coli 111, B, have been demonstrated in the serums of infants recovering fro i 
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a bout of epidemic diarrhea.* * (¢) EF. coli 111, B, has been recovered from the 
upper respiratory tract of diarrheal infants who were excreting the organism 
in feces.*;?" (d) Diarrheal infants, when treated with aureomyein, have re- 
covered clinically at the same time EF. coli 111, B, disappeared from the naso- 
pharynx and feces.!’ (e) The special coliform has been demonstrated in the 
stools of only a small percentage of normal adults and normal infants.* °° (f) 
One instance is on record in which a nondiarrheal infant was fed F. coli 111, By. 
Diarrhea and weight loss were produced within twenty-four hours. The organ- 
ism was demonstrated in small numbers in the throat and in large numbers in 
the feces, but not in the nasopharynx. Within forty-eight hours EF. coli 111, B, 
was found in very large numbers in the throat, nasopharynx, and feces. Treat- 
ment with terramyein resulted in clinical improvement and the disappearance 
of the organism within forty-eight hours.* 

Isolation of the organism from the throats of several infants indicates the 
possibility of spread through a crowded nursery by droplet infection, although 
it is undoubtedly transmitted most often via artificial feeding equipment or by 
nursing personnel. As in all such hospital outbreaks, this epidemie was charae- 
terized by extreme persistence, which is not remarkable in view of the resistant 
character of coliform organisms to drying, sunlight, and other agents. It should 
he recalled that more severe epidemics have necessitated complete closing of 
hospital maternity departments for considerable periods of time. 

SUMMARY 

During a seven-month period, fifty-six cases of ‘‘diarrhea of the newborn”’ 
occurred in a hospital Pediatrie and Maternity Service, among a population 
totaling 2,698 children; in 80 per cent of affected infants a specifie coliform 
organism was isolated. The mortality rate was 10 per cent. 

The special cultural properties of this organism are described, ineluding 
sensitivity to available antibiotics. 

Examination of the stools of 146 infants not suffering from the disease 
lemonstrated the organism in 4.7 per cent of the eases. 

Similar investigation of ninety-three adult contacts during the same period 

ailed to demonstrate the organism in any of them. 


A relatively low mortality rate, as compared with outbreaks of similar 
iaracter reported heretofore, is believed to be due to the use of chloromycetin 


us careful attention to supportive therapy. 
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QUANTITATIVE ANTIBODY STUDIES IN) MAN 
I]. THe RELATION OF THE LEVEL OF SERUM PROTEINS TO ANTIBODY PRODUCTION 


DANIEL L. LArRsoN, M.D.* ANp Lois J. TOMLINSON, B.S. 


New York, N. Y. 


Ht relation of the level of serum proteins to the ability to produce circulat- 

ing antibodies has been investigated by several groups of workers. In 
animals depleted of protein by dietary restriction or plasmapheresis, antibody 
responses have been observed to be impaired’ or normal.’ In human beings 
with hypoalbuminenua, with or without hyperglobulinemia, antibody responses 
have been observed to be deereased® ° or normal.'® In studying human beings 
following streptococcal infections, it has been noted that the group of patients 
with the highest gamma globulin levels also had the highest antibody titers." 
The purpose of this communication is to report studies on antibody responses 
in twelve patients with abnormal levels of serum albumin and globulins, using 
quantitative immunochemieal techniques. 


MATERIAL AND METHODS 


The method of Heidelberger and MaecPherson!2 was used to determine the amount of 
precipitable antibody nitrogen. Preliminary decomplementation and removal of C-antibody 
was carried out on all sera before analyzing the specific precipitates.1s, 14 Sera were de 
complemented with crystalline ovalbumin and rabbit anti-ovalbumin serum, C-antibody was 
removed with C-polysaccharide derived from and type III or a type VIT pneumococcus. t 

-atients used in this study were from the hospital and clinic population of the Presby 
terian Hospital. The patients were on regular diets, and no therapy known to influence 
antibody levels was given before or during the test period. A preliminary bleeding was 
obtained, followed by the subcutaneous administration of 0.0S mg. each of type-specific 
pheumocoecus capsular polysaccharides I and IL, Postimmunization bleedings were obtained 
at three weeks. Results of antibody determinations are reported as micrograms of pre 
ipitable antibody nitrogen per 4 ml. of serum. 

Total serum albumin and globulin determinations were done by a modification of the 
Howe method.15,16 Euglobulin determinations were not done unless the total serum globulin 
was at least 3 grams per cent. The normal range of values with this method are: albumin, 
3.7 to 4.7 grams per cent; globulins, 2.5 to 1.3 grams per cent; euglobulins, 0.4 to 0.1 grams 
per cent.?1 

The concentration of pneumococcus anti-polysaccharide antibody attained in man is too 
ow to be specifically detected on electrophoretic examination. Therefore, no change in elee 
trophoretie pattern would result from immunization. Electrophoretic analyses were carried 


+ 


tut on seven of the immunized patients.{ Sera were diluted 1:3 with a buffer containing 
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0.15 M NaCl and 0.02 M phosphate, ionic strength 0.2, at pH 7.4. A seventeen to twenty-eight 


hour dialysis of the serum at 4° C, against 500 ml. of the buffered saline was carried out 






before the electrophoretic analyses were done. 











RESULTS 





Previous quantitative immunochemical studies have indicated that normal 
individuals vary considerably in their response to the administration of pneu- 
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TABLE 











| | MICROGRAMS OF ANTIBODY 
NITROGEN PER 4 
GRAMS PER CENT MILLILITERS OF SERUM 
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26 1.5 3.4 0.5 C iii 105 74 
Bronehiectasis SI 0 36 
s IT 



















vs 3.8 3.8 C VITI 
Lupus ery- Ss] 1 6 
thematosis ‘ 









60 3. i 
Cirrhosis of S ] 0 2 
the liver : 









55 it 3 5 
Cirrhosis of 
the liver 









54 2% 3.6 
Cirrhosis of S I 0) 29 
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*Euglobulin determination not done. 
**Letter and number refer to the polysaccharide precipitinogen used. 












QUANTITATIVE ANTIBODY STUDIES IN MAN 131 


mocoecal eapsular polysaecharides.'* 1718 — Postimmunization titers usually 
range between 10 and 60 pe of antibody nitrogen per 4 ml. of serum. Some 
individuals, however, form little or no detectable antibody, and a few subjects 
have formed in excess of 100 pg per 4 ml. liters of serum. The levels of C- 


antibody present in most human beings are between 10 and 60 pe of antibody 


nitrogen per 4 ml. of serum, and the values for any one individual remain 
relatively constant over lone periods of time. 

In Table I, data are presented on twelve patients having diseases which are 
often associated with abnormal levels of serum proteins. The pre- and _ post- 
immunization antibody titers are given. Values for total serum albumin, total 
serum globulins, and serum euglobulins, obtained on sera procured during the 
period of active immunization are also included. It ean be seen that there is 
no apparent relation between the degree of depression of the albumin, the degree 
of elevation of the globulins, or the degree of elevation of the euglobulins, and 
the amount of antibody globulin produced. Among the four patients with 
cirrhosis of the liver, three had hypoalbuminemia, three had hyperglobulinemia, 
and two had elevations in euglobulins. All four patients exhibited a normal 
antibody response. Among the four patients with multiple myeloma,* all had 
hypoalbuminemia, three had hyperglobulinemia, and at least one had an eleva- 
tion in euglobulins. Each patient had low levels of C-antibody and each patient 
demonstrated a poor antibody response to the capsular polysaccharides. 

Antibody to the pneumocoecus in the horse, rabbit, and monkey has been 
shown to exhibit the electrophoretic mobility of gamma globulin.'**” An at- 
tempt was made, on the basis of electrophoretic patterns, to correlate the serum 
level of gamma globulins with the ability to produce antibody globulin. In 
Table Il the electrophoretic analyses on serum samples from seven of the pa- 
tients included in Table I are presented. Comparing the data in the two tables, 
it becomes apparent that there is no correlation between the ability to maintain 
an elevated serum gamma globulin level and the ability to produce antibody 
globulin. Patient 75 is an example of an individual with an exceedingly high 
gamma globulin level, i.e., 66 per cent of his total serum proteins, but with no 
detectable production of antibody globulin. 


COMMENT 


A number of papers have appeared indicating that animals'® 
vith hypoalbuminemia, with or without hyperglobulinemia, have impaired 
bility to produce circulating antibody. Other investigators have been unable 


and man* ® 


} confirm this observation in animals‘ or in man.’? Alteration in serum proteins 
| animals induced by prolonged dietary restriction or plasmapheresis is not 
rictly comparable to the disturbances in protein metabolism present in the 
atients used in this study. Balch has studied the relation of nutritional de- 
‘ieney to antibody production in man,’® using a method which lends itself to 
iantitative interpretation. He found no relation between diphtheria antitoxin 
oduction and the initial level of antitoxin, the total serum protein, the total 


*Patient 68 was made available through the courtesy of Dr. Chester Southam. 
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DISTRIBUTION OF PROTEINS IN SERA FROM SEVEN OF THE 
PATIENTS INCLUDED IN TABLE I* 


ELECTROPHORETI 
IMMUNIZED 








PER CENT CONCENTRATION 
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95 1:3 67.5 10.9 10.9 10.9 2.06 
Multiple 
myeloma 
75 1:3 26.1 $2 1.6 66,0 0.35 
Multiple 
myeloma 
{! 1:5 $1.8 2.5 13.5 5 i Ped 0.72 
Multiple 
myeloma 
*Dialysis time seventeen to twenty-eight hours 3 mil. diluted serum dialyzed against 
500 mil. of buffer. 
Current: 20 milliamperes. 





Time of runs: average of two and one-half hours. 

Buffer: pH 7.4; 0.15M in NaCl, 0.02M in phosphate; ionic strength 
Magnification used for area determinations, 3:1. 

All measurements made on descending pattern 
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serum albumin and the total serum globulins. Although the patients in the 





present study were not protein depleted, the same lack of relationships holds 







between values for serum protein components and the preeipitin production. 





From studies on human sera*”*! it has become apparent that there is no 





sharp correlation between the disease present and the electrophoretic pattern 






There is an extraordinary variability in the distribution of the fraction of th 





globulins, and the value obtained for total serum globulins provides no infor 






mation on the amount of each fraction present. By combining electrophoretic 






and salt fractionation methods of examination of serum proteins with quantita 





tive antibody determinations, it has been possible to show that, in man, thi 






ability to maintain elevated total serum gamma globulins bears no relation to 






the ability to produce antibody globulin to pneumococcus polysaccharides. 






In view of the recent work in animals on the role of the plasma cell in 
antibody production,?*~*° it is of interest that the four patients in this stud 







with multiple myeloma had distinetly impaired antibody responses. The on 





other quantitative data in the literature on the antibody response in multip 






myeloma indicate a normal diphtheria antitoxin production in the one patier! 
examined.’® Additional information will be required to determine whether t 
paucity of precipitin production in multiple myeloma is confined to pneumoco 






cal polysaccharide antibody. 
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SUMMARY 


kL. Antibody production was studied in twelve patients with abnormal 
levels of serum proteins using quantitative immunochemical techniques. 

2. There did not appear to be any relation between total serum protein, 
total serum albumin, total serum @lobulins, total serum euglobulins, the electro 
phoretie pattern and the ability to form antibodies. 


» 


3. In the patients studied, the ability to maintain elevated total serum 


gamma globulins bore no apparent relation to the ability to produce antibody 


globulin. 
4. Four patients with cirrhosis of the liver had normal antibody responses. 
do. Four patients with multiple myeloma had notably poor antibody re- 


sponses and unusually low titers of C antibody, 
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THE EFFECT OF TRYPSIN ON HEMAGGLUTINOGENS DETERMINING 
EIGHT BLOOD GROUP SYSTEMS 
LESTER J. UNGER, M.D.,* anp Linuian Karz, B.A. 
New York, N. Y. 


HE saline agglutination, albumin-plasma, indirect antiglobulin, and enzyme- 

treated cell methods are all now used to determine Rh antibody content of 
serums. An additional method has been proposed by one of us (L.J.U.), 
namely, the trypsinated cell indirect antiglobulin method. It has been shown! 
that this method, when used to titrate serum containing Rh, univalent antibodies, 
in general, yields slightly higher titration figures than other methods tried by 
us, so that univalent Rh, antibodies could be detected even when present in 
such low concentration that they were below the threshold of the other methods. 
The purpose of this study is to determine the effect of trypsin on other hemag- 
vlutinogens besides Rh. 


MATERIALS AND METHODS 


The methods of titration mentioned above were used to titrate antibodies specific for 
factors belonging to eight blood group systems, namely Rh-Hr, ABO, MNS, P, Lewis, 
Lutheran, Kell-Cellano and Duffy. Wherever possible, two or more examples of antiserums 
of each specificity were usedt in the titration experiments. Among the rarer serums tested 
there were four examples of anti-Kell, three examples each of anti-Lewis and anti-P, two 
examples each of anti-M, N, S and Duffy, one example each of anti-Lutheran and anti 
Cellano, 

The red blood cells used for each set of titrations were obtained from the same in 
lividual and were known to be of desired specificity. In addition, cells lacking the factor 
under investigation were used as controls. All cells were washed four times in normal saline, 
packed, and then divided in two parts; one part was reconstituted as a 2 per cert saline 

spension and used as untreated cells for the albumin-plasma, saline agglutination, and in 
rect antiglobulin titrations; the other part was treated with trypsin and used for compara 
tive titrations in saline and by the indirect antiglobulin method. The trypsinated cells were 
epared as follows: to nine parts of four times washed} packed cells, one part of 1 per 
t trypsin (Difco) in standard phosphate buffer solution was added, mixed, placed in a water 
bith at 87° C. for one hour, and then, after washing once with normal saline to remove the 
psin, diluted in saline to make a 2 per cent suspension. 

All titrations were carried out in the usual fashion. The saline agglutination and 
ti psinated cell methods were carried out as follows: one drop of progressively doubled 
Si. ‘ne dilutions of serums was put into each of a series of small test tubes (8S mm. in diameter). 
!¢ same pipette was used throughout for accuracy, and by thoroughly rinsing it with fresh 
ie solution between each use, ‘‘carrying over’’ of serum was avoided. One drop of 2 per 
red cell suspension of proper type was added to each tube (untreated or trypsinated 
a ending on the method). Incubation was carried out in a water bath at 37° C. for one 
teceived for publication, July 27, 1951. 

*Director Blood and Plasma Bank, University Hospital. 
*Serums were very kindly given to us by Drs. Abelson, Allen, Chown, Levine, Miller, 
ant, van Loghem, Vogel, and Wiener. We are greatly indebted to them for their coopera- 


tWashing is necessary to remove the trypsin inhibitor present in plasma. 
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hour. The sediment in each tube was then examined for clumping under the microscope using 


the lowest (scanning) power. The titer was taken equal to the reciprocal of the highest 
dilution SsHowmge a one plus elun ping ot eells. 

The technique for the albumin-plasma method was the same as the saline agglutination 
method, except that after the first hour of incubation the supernatant fluid was removed as 
thoroughly as possible from each tube and replaced by a large drop of a mixture of four parts 
of pooled oxalated plasma from Rh-positive individuals and one part of 30 per cent bovine 
albumin solution. After an additional hour of incubation at 37 C., the mixtures wer 
examined for clumping as already deseribed. 

The antiglobulin test was carried out on the eell sediment in eaeh tube of the saline 
agglutination titration and trypsinated cell titration where no clumping was observed at the 
end of the period OL ine ubation. The tecl nique used WAS AS follows: The cells were washed 


four times, each time with at least ten volumes of normal saline solution, and then the saline 


removed. Two drops of antihuman globulin serun rabbit) were added and mixed with the 
cells. The mixture was centrifuged lightly (500 to 1,000 r.p.m.) for one minute and then 
the sediment gently resuspended and examined tm the tube for clumping and read as in the 
other methods under the lowest power of the microscope (scanning lens 

RESULTS 


In order to appraise the effeet of trypsin on hemageglutinogens, one should 
compare results of titrations emplovine the same procedures and materials 
throughout, but using untreated cells in one instance and trypsinated cells in 
the other. The saline agelutination and indireet anti-globulin methods serve 
this purpose, since each ean be used with untreated as well as treated cells 
The results of these four methods, as well as those of the albumin-plasma method 
when various specific antiserums were titrated are given in Tables I, TL, and IT] 

The Rh... Nhe. rh’. rh”, rh’, hr’, A, BLS, Py Lewis, Cellano, and Lutheran 
Factors.—These hemageglutinogens are made slightly more sensitive or, as in a 
few instances, are unaffected by trypsinization. In general, slightly highet 
titers resulted with specific bivalent serums compare column 2 and 3 in Table | 


TABLE I. TITRATIONS WITH SpectFic BIVALENT ANTISERUMS USING UNTREATED AND 
TRYPSINATED CELLS CONTAINING RH-Hrk, A-B, S, P, LEWIS, AND LUTHERAN ANTIGENS 


ALBUMIN-PLASMA SALINE AGGLUTINATION INDIRECT ANTIGLOBULIN 


l rs ’ 1 D 


ANTISERUM UNTREATED UNTREATED PRYPSINATED UNTREATED TRYPSIN AT 
Anti-Rh 128 SO) 256 160 320 
Anti-rh’ 1) 24 128 G4 256 
Anti-rh” lly l } 2 6 
Anti-rh”* 16 16 32 32 39 
Anti-hr’ oe 20 64 128 956 
Anti-A 2 2 2 4 4 
Anti-A 50 5 Ss 0) 64 
Anti-B | | 12 } 12 
Anti-B 6 6 12 rr 19 
Anti-S 2 } 16 S 16 
Anti-S 5 2 12 6 16 
Anti-P Z 2 S { 8 
Anti-P I () 1% 2 1% 
Anti-P 8 S 16 16 16 
Anti-Le* 1%, 2 2 2 } 
Anti-Le* 2 l } 2 } 
Anti-Le* 64 20) 64 O4 128 


Anti-Lu* 
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TABLE TI. Tirrations Witit SPECIFIC UNIVALENT ANTISERUMS* USING UNTREATED AND 
TRYPSINATED CELLS CONTAINING RH), StH,, RH”, HR’, HR”, A, B, AND CELLANO ANTIGENS 
METHODS AND TITERS IN UNITS 
ALBUMIN-PLASMA 
MEDIA SALINE AGGLUTINATION INDIRECT ANTIGLOBULIN 
1) fe » } (d 

ANTISERUM UNTREATED UNTREATED rRYPSINATED UNTREATED PRYPSINATED 
Anti-Rhi,+ 32 | 10) 160 150 
Anti-Rh, 16 0) »() SO) 96 
Anti-rh” 20) { 1) 64 SO 
Anti-hr’ 2 l SO 4} 150 
Anti-hr” 1 2 @ @ 29 
Anti-A§ 6 () | 64 512 
Anti-AQ§ 24 12 4 128 012 
Anti-B§ 10) 15 11) 5) 100 
Anti-B4 35 () 70 SO PAO 
Anti-Cellano oe 6 16 4 28 

Some contain bivalent as well as univalent antibodies. 

‘The cells used in these titrations were clumped both by bivalent and strong univalent 
inti-Rhe serum. They therefore are standard Rho cells. 

The cells used in these titrations were not clumped by bivalent anti-Rh. serum, but 
were clumped by strong univalent anti-Rho serum. They therefore possessed a variant of 


Rh (tho). 

$The anti-\ and anti-B serums used for these tests were obtained from stimulated donors. 
To one part of this serum, four parts of A and EB substance (Sharp and Dohme) were added 
to neutralize natural bivalent antibodies. 


TABLE TIL. TirkAtiIons witit SPECIFIC ANTISERUMS USING UNTREATED AND TRYPSIN ATED 
CELLS CONTAINING M, N, KELL, AND Durry ANTIGENS 


METILODS AND TITERS IN UNITS 


ALBUMIN-PLASMA SALINE AGGLUTINATION INDIRECT ANTIGLOBULIN 

(1 (2) o } i 
ANTISERUM UNTREATED UNTREATED TRYPSINATED NTREATED rRYPSINATED 
Anti-M 2) 10 A 1G = 
Anti-M 64 16 10 12S 16 
Anti-N 16 10 8 16 10 
\nti-N 6 4 o 10 t 
\nti-Kell 20) () () x0) R() 
\nti-Kell 64 l 2 190) 190 
\nti-Kell 3 0 0 56 220 
\nti- Kell 8 0 2 32 32 
\nti-Fy* 0 0) 0) 16 0 
\nti-Fy* 0 0 ) 29 0 


ind definitely higher titers with specific univalent serums (Table IL). It is 
vell recognized that a variation in titer of one dilution may be due to limitations 
t the method. Yet it is difficult to ignore such variations when they oceur 
onsistently. 

Beyond the end point of a titration, which is the highest dilutions of the 
‘rum at which cell clumping is observed, there are usually some cells whieh, 
though coated, do not form clumps, and coating of these unelumped cells ean 
‘ detected by the antiglobulin test whether or not the test cells were previously 
‘ypsinated. Trypsinization causes the antigens listed above to become some- 
hat more readily coated not only by bivalent antibodies (compare column 4 
id 5 in Table 1), but also to a greater degree by univalent antibodies (Table IT). 
urthermore, the trypsinated cell antiglobulin method carried out in test tubes 
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and using a high titered antiglobulin serum (rabbit) yielded titers equal to or 
higher than other methods, especially when the antibody was of the univalent 
variety. 

The M-N, Kell and Duffy Factors.—This group of antigens is affected in a 
fashion different from the first group. 

Titrations using type M and type N cells were carried out by the test tube 
method, which is more sensitive than the well-slide technique ordinarily used 
for these serums and residual nonspecifie agglutinins present in the rabbit 
serum, reacted with all cells especially when they were trypsinated. Wiener and 
Katz reported similar results.2. However, the M and N factors are adversely 
affected by trypsin, as evidenced by a decrease in titer (Table IIT, columns 4 and 
report that anti-M, N, and S serums showed a slight 


Morton and Pickles** 
increase in titer and avidity of reaction when tested against specific cells treated 
with erystalline trypsin (Plaut Research Co.), but with all other brands of 
trypsin, and also with the proteolytic enzyme from Streptomyces albus, there 
appeared to be destruction of the antigen locus. Rosenfeld and Vogel** re- 
port that the M and N factors are largely destroyed by enzyme treatment of 
red cells, because when trypsin-treated red cells are used to absorb specific 
antiserums, the M and N antibodies are not removed. 

The effeet of trypsin on the Kell factor is interesting and of a different 
nature. Although all four examples of anti-Kell used were univalent serums, 
their antibodies produced no clumping of saline suspended trypsinated Kell- 
positive cells in two instances and gave only a titer of two units with the other 
two examples. Considerably higher titers were obtained with untreated cells 
suspended in albumin-plasma media (Table III, columns 1 and 3). After com 
plete removal of saline from each tube of the trypsinated cell titrations, and 
replacement with one drop of albumin-plasma mixture followed by incubation 
in the water bath at 37° C., clumping resulted and the titers were approximately, 
the same as those obtained by the albumin-plasma method using untreated cells. 
showing that trypsin had not interfered with the coating of the cells. 

When the antiglobulin methods of titration (Table III, columns 4 and 5 
were carried out, still higher titers were obtained, but these were identical fo! 
hoth treated and untreated cells. This is interpreted as meaning that trypsi 
treatment neither affeets the sensitivity of the Kell antigen nor its ability to 
become coated with specific antibodies. Yet, in spite of the facet that trypsinate: 
cells are coated with univalent antibodies, they fail to clump when. salin 
suspended. In these two respects the Kell factor is affected differently 
trypsin than the Rh, factor. The Kell factor is not made more sensitive whe 
used to titrate specific antiserums, whereas the Rh, factor is; univalent anti-Ke 
coats but fails to clump trypsinated saline suspended Kell-positive cells ; where- 
univalent anti-Rh, both coats and clumps trypsinated saline suspended R! 
positive cells. 

The Duffy factor is markedly affected by trypsin; in faet, it appears to | 
completely destroyed and unable to react with its specifie antibody.’ Trypsinat« 
Duffy-positive cells are unable to be coated by their specific antibody (Table I! 











to publications of references 3 and 4. 





*The work had been completed prior 
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eolumn 5) and this explains why they are unable to form clumps (Table ITT, 
) 


column 3). After trypsinization the Duffy factor has no ability to absorb anti- 
bodies from its specific serum. Only untreated Duffy positive cells can be 


coated with specific antibody, and even then such saline suspended coated cells 
form no visible clumps (Table IIT, columns 2 and 4). 

The results obtained with the trypsinated cell indirect antiglobulin method 
when testing the Kell and Duffy antigens differ and demonstrate an additional 
value of this method. The method shows that Kell-positive cells are able 
to react with specifie antibodies and absorb them from serum, whereas this is 
not the case with trvpsinated Duffy-positive cells which are unable to reaet with 
the corresponding antibody. 

Although trypsinization of erythrocytes affeets different antigens differently 
(Table IV), it makes certain antigens more sensitive and permits detection of 
antibodies specifie for them when present in low titer. Tor the detection of cer- 
tain univalent antibodies, saline-suspended trypsinated cells can be used. The 
method yields sharp and more easily read end points, and eliminates the prozone 
effect found with some serums. This method can, by detection of sensitization, be 


TABLE IV. A SUMMARY OF THE EFFECT OF TRYPSIN ON VARIOUS HEMAGGLUTINOGENS 
CLUMPING OF COATING OF 
SPECIFICITY OF ANTISERUM TRYPSINATED CELLSt TRYPSINATED CELLStf 
hia” © ,Fn; Ta", 
he’, hr’, Ay. B.S; slightly increased slightly increased 
P, Le*, Cellano, Lu* 
M, N decreased decreased 
Kell none present unchanged 
iy* none present none present 
*Tested against Rh-positive cells containing ‘iho (variant) as well as cells typically Rho- 
positive, 
7Clumping of cells as evidenced by titration results of the trypsinated cell method 
ompared with those of the saline agglutination method. 
tCoating of cells as evidenced by titration results of the trypsinated cell indirect anti- 
globulin method compared with those of the indirect antiglobulin method. 


of help in the prevention of post-transtusion hemolytic reactions. disadvantage 
of the trypsin method for this purpose is that it is time consuming. If cells of 
ihe prospective donor and patient are each trypsinated prior to ecross-mateh 
‘reliminary to transfusion, a delay of about one hour results. In addition, this 
method cannot be used alone because failure to detect the Duffy antibody will 
Jefinitely result, and if the antibodies are present in sufficiently low titer, pos- 
bly Kell, M and N might not be detected. If the trypsin method is to be used 
all in the cross-mateh test, it must be in conjunction with other methods. 
‘hese limitations also apply to using trypsinated test cells to detect sensitization 
a patient. 

At our Blood Bank, the cross-matching procedure consists of several tests. 
mixture of two drops of patient’s serum and two drops of a 2 per cent normal 
‘ine suspension of donor’s cells is prepared and another similar mixture of 
nor’s serum and patient's cells. To detect the possible presence of univalent 
tibodies which act only in a protein media, a second set of two similar cell- 
um mixtures are prepared, with the exception that the 2 per cent suspension 
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of cells is made in the individual’s own serum, instead of saline. These four 
mixtures are ineubated in a water bath at 37° C. for thirty to sixty minutes, 
and then examined under the microscope for clumping. On the cell sediments 
in each ot the two tubes containing the saline suspended cells, if no clumping 
is observed, an antiglobulin test 1s performed. All these tests must be neeative for 
cell clumping if the donor’s blood is to be used for transfusion. Parallel with 
those tests, the serum of both patient and donor is tested for the presence of 
atypical antibodies. This is done by making a mixture of equal parts of the 
serum of each of these two individuals with a 2 per cent normal saline suspension 
of untreated cells and a second set using a 2 per cent normal saline suspension 
of the same eells but trypsinated. They are incubated in a water bath at 57° C. 
for thirty to sixty minutes, and then examined under the microscope for clumping. 
The antigens present in the cells used for these sensitivity tests are known and 
aside from the faet that they are group © cells, as many antigens as possible are 
represented. It is felt that these procedures give the patient, with the least 
delay, the highest practicable degree of protection against post-transfusion 
hemolytic reactions. 


SUMMARY 


In order to appraise the effeet of trypsin (Difco) on hemagelutinogens ot 
known specificities, titrations of specific antiserums were earried out by five 
methods. Comparison of the results of these titrations shows that this enzyme 
does not affeet all antigens in the same fashion. 

The Rhy. Why, rh’, rh’, rh’, he’, hr’, A,B, PLS, Le*, Cellano, and Lu® factors 
are made slightly more sensitive or unaffected by trypsinization. Except for 
the latter, thes therefore become clumped more readily hy weaker dilutions ot! 
specific serums, giving higher titration results than the same cells when un 
treated. 

Saline suspended tryvpsinated cells, positive for the Rhy, Why, rh’, hr’, hr”, 
A and B factors are clumped by univalent antibodies, whereas such antibodies 
are unable to clump the same cells when untreated unless they are suspended 
in protein media. 

In contrast to these results, the M,N, Well, and Duffy antigens are affeeted 
differently by trypsin treatment. Cells of types M and N are rendered less able 
‘oO be clumped or coated by specific antibodies, possibly heeause the cor 
responding antigens are damaged. 

The Kell antigen does not appear to be affeeted by trypsinization. Comlhi- 
nation with specific antibody takes place to the same degree, whether the cells are 
trypsin treated or not. This was demonstrated by a comparison of results of thie 
trypsinated cell indirect antiglobulin method with those of the indirect anti- 
globulin method using untreated cells. Trypsinated Kell-positive cells, although 
coated with specific univalent antibodies, fail to clump. when saline suspended. 
These two findings are in direct contrast with those obtained with trypsinated 
Rh, positive cells. 

The ability of the Duffy positive cells to be clumped by its specifie antibo ly 
is completely Jost after treatment with trypsin. This antigen seems to be 
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destroyed, as shown by its inability to react with and become coated by anti-Fy* 
and by its inability to absorb specifie antibodies from serum. 

A method for cross-matching preliminary to blood transfusion which gives 
the patient the highest practicable degree of protection against post-transfusion 
hemolytic reaction is deseribed, 


ADDENDUM 


Since the completion of these experiments, anti-s and anti-Nidd serums were obtained. 
The effect of trypsin on the antigens specific for these serums was therefore studied. It was 
found that the effeet of trypsin on the s factor was similar to its effect on the Rhy factor; 
namely the s antigen was made slightly more sensitive (Table V). The Kidd factor how 
ever, was affected by trypsin in the same fashion as the Kell factor. Although the antibody 
antigen reaction took place as demonstrated by the trvpsinated cell antiglobulin test, these 


trypsinated coated saline suspended cells did not form clumps (Table V 


TABLE V. TITRATIONS Wiri SeeEciIFIC ANTISERUMS USING UNTREATED AND TRYPSINATED 
CELLS CONTAINING S AND Kipp ANTIGENS 


METHODS AND TITERS IN UNITS 


ALBUMIN 


PLASMA SALINI AGGLUTINATION INDIREC? ANTIGLOBLU LIN 
(1 (2 C3.) | D 
ANTISERUM UNTREATED UNTREATED rRYPSINATED UNTREATED PRYPSINATED 
\nti-s t 0 Ss 20 +) 
Anti-Kidd 6 i) 0) 4 64 
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THE EFFECT OF HEATING ON THE THROMBOPLASTIC ACTIVITY 
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HE hypothesis of Alexander Schmidt that prothrombin is activated to 

thrombin by zymoplastie substances is now generally accepted, but that 
term, or its modern equivalent, *‘thromboplastin,’’ remains ill defined, and 
there is still no general agreement concerning its source. In a study reported 
in 1947 one of us' showed that normal platelets contain not more than a trace 
of active thromboplastin, that little prothrombin is consumed in the clotting 
of either hemophilie blood or of deplateletized normal plasma, and that the 
addition of deplateletized normal plasma to hemophilic blood inereases_ the 





utilization of prothrombin. From these observations, it was concluded that 





platelets do not contain thromboplastin, but on lysis liberate an agent which 








reacts with a plasma constituent to form active thromboplastin. It was postu- 
lated that the plasma factor is the precursor of thromboplastin and the name, 
thromboplastinogen, was proposed. <A deficiency of either platelets or thrombo- 
plastinogen results in a lack of active thromboplastin, and therefore in poor 
consumption of prothrombin. The residual quantity of the latter in the serum 
may be utilized as a quantitative means for measuring the available thrombo- 
plastin in the blood. 

While it is generally accepted that various tissue extracts contain active 
thromboplastin, little is known concerning the actual poteney of such prepara 
tions. In the present investigation the prothrombin consumption test was 
employed to determine the available thromboplastin in the standardized rabbit 
brain extract which is used for the one-stage prothrombin time. The surprisins 
finding was made that such a tissue extract which brings about prothrombii 
consumption in both hemophilic and normal deplateletized plasmas will, whe 
heated to 60° C., lose its activity to cause prothrombin consumption in hemo 
philic plasma but remain highly active in normal deplateletized plasma. 


EXPERIMENTAL 


Blood was collected with a chilled silicone-coated syringe and needle, and transferr: 


to silicone-coated test tubes immersed in an ice bath. To obtain a platelet-rich plasma, t 
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blood was centrifuged at 800 to 1,000 r.p.m. for five minutes. Usually 70 per cent or more 
of the platelets remained in the plasma. The platelet-poor plasma was prepared by centri 
fuging blood at 8,000 r.p.m. for ten minutes in an Angle centrifuge. Such a plasma was 
found to contain about 3,000 platelets per cubic millimeter. 

Acetone-dehydrated rabbit brain extract: (Thromboplastin reagent) 200 mg. of dried 
rabbit brain prepared according to the directions previously described? were mixed with 9 
ml. of 0.85 per cent sodium chloride solution. The mixture was incubated at 50° C. for 
twenty minutes. A second mixture was incubated at 60° C. for twenty minutes. 

Deprothrombinized rabbit plasma: Fresh oxalated rabbit plasma (9 volumes of blood 
mixed with 1 volume 0.1M sodium oxalate) was treated with tricalcium phosphate as follows: 
5 ml. of a 0.012M tricalcium phosphate suspension were transferred to a test tube and cen 
trifuged at 2,500 r.p.m. for three minutes, The supernatant water was completely removed, 
and 5 ml. of fresh oxalated rabbit plasma added to the packet adsorbent. After thorough 
mixing and allowing the tube to stand five minutes, the tricalcium phosphate was removed 
by centrifuging ten minutes at 2,500 r.p.m. The clear plasma was poured off and kept in 
an ice bath. It failed to clot when treated with thromboplastin reagent and calcium 
chloride. 

Prothrombin determination by the adsorption and elution procedure: The method of 
Quick and Stefanini? was employed. 

The prothrombin consumption test of plasma: To a clean dry test tube (13 by 100 
mm.) containing four small glass beads, 2 ml. of native plasma were added. The tube was 
put in a water bath at 87° C, The clotting time was noted, and fifteen minutes later the 
clot was loosened from the sides of the test tube. After fifteen minutes further incubation, 
the clot was compressed and the prothrombin time of the serum determined as follows: to 
« mixture of 0.1 ml. thromboplastin reagent, 0.1 ml. 0.02M calcium chloride and 0.1 mi. 
deprothrombinized rabbit plasma, 0.1 ml. of the serum was added by blowing from a sero 
logical pipette. The formation of the clot was accurately timed. After ten minutes the 
letermination was repeated. The prothrombie activity almost always becomes constant in 
less than twenty-five minutes after centrifugation. The serum remaining was analyzed fon 
prothrombin by adsorption with tricalcium phosphate and elution with sodium citrate.3 

In testing the thromboplastie activity of rabbit brain extract, 0.05 ml. of the latter 


vas transferred to a test tube containing four small glass beads. To this 2 ml. of platelet 


TABLE I, EFrect oF HEATING TISSUE ExtTRACT AT 60° C. oN ITS THROMBOPLASTIC ACTIVITY 
IN NORMAL AND IN HEMOPHILIC PLATELET-POOR PLASMAS 
PROTHROMBIN CONSUMPTION TIMES OF SERUM 
IN SECONDS 


THROMBO 
CYTOPENIC 


NORMALS HEMOPHILIACS PURPURA 
SOURCE OF SERUM ] 2 3 ] is 3 l 2 3 
atelet-poor plasma 8 (8)* §8(8) 8 (8) 8 (8) 8 (S 8 (8) S s Q 
atelet-rich plasma 16 (16). 18 (17) 25°26) 8(8) 10(00) H(i 11§ 118 1068 


itelet-poor plasma 

”.00 e@.e, 

bbit brain extract 19 (17) 66 (30) 48 (35) 32 (26) 28 (22) 12 (12 3 
50° C+) 0:05 cic. 

telet-poor plasma 

OO e@.e, 

Wt beela extract 19 (17) 34(28) 36(33) 8(8) 10(9) 9 (8% 29 3144 
60° C.t) 0.05 e.e. 


*The figures in parentheses are the prothrombin times obtained by the adsorption-elu- 
procedure, 

*Incubated at 50° GC. for 20 minutes. 

tIncubated at 60° C. for 20 minutes. 

$Platelet counts: subject 1, 42,000; subject 2, 36,000; subject 3, 42,000. 
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poor plasma were added. Mixing was effected by inverting the test tube. After fifteen 
minutes of ineubation at 37° ©., the clot was loosened, and the procedure from then on 
was the same as outlined for the prothrombin consumption time of plasma. 

The effect of adding rabbit brain extract (heated to 50° C. and to 60° C.) on the 
prothrombin consumption of normal and hemophili plasma: From the results in Table # 
it ean be seen that rabbit brain extract heated to 50° C. when added either to normal, 
to hemophile platelet poor plasma, or to plasma from patients with thrombocytopenic 
purpura eaused a marked consumption of prothrombin as shown by the prolonged pro 
thrombin time of the serum, When heated to 60° C., the brain extract still retained its 
power to cause prothrombin consumption in normal and in) thromboevtopenie plasmas, 
but became almost inactive in hemophilic plasma. The prothrombin consumption in 
platelet-poor plasma of normal subjects was extremely low, but in normal platelet-rich 


plasma it was relatively high. 


TABLE IT. PROTHROMBIN CONSUMPTION OF HEMOPHILIC BLoop TO Wich A FIXED AMOUN’ 
oF RABBIT BRAIN Extract HEATED TO 60° C, AND INCREASING AMOUNTS OF 
NORMAL PLASMA WERE ADDED 


Hemophilic plasma (platelet- 2.00 L.f5 1.50 1.25 L060 60.75) 60.50) 3=— 0.25 () 
poor ) are 
Normal ple smma platelet poor), —_ 0.25 0.50 ee 1.00 1.25 1.50 Lip 2.00 


C.C. 
Rabbit brain extract heated to 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 


GO" <... €2. 


Prothrombin consumption time 8 ISlo 28 11 1} 2) a) tS tS 
direct, sec, 
Prothrombin consumption time 814 18 28 35 36 36 36 36 33 


ot eluate, sec. 


TABLE IIT. QUANTITATIVE RELATIONSHIP BETWEEN THE PROTHROMBIN CONSUMPTION TIME 01 
PLATELET-POoOR NORMAL PLASMA AND THE QUANTITY OF RABBIT BRAIN EXTRACT ADDED 


. 
Platelet poor normal plasma, Cc. 2.0) 2.000 2.00 2.00 2.00 2.00 2.060 2.0) 
Volume of rabbit brain extract, ¢.c. 0.0 0.005 0.01 0.02 0.03 0.04 0.05 0.) 


Rabbit brain extract heated to 50° ©, 


Prothrombin time direct, see. S S i) 1] 23 35 42 64 

Prothrombin time eluate, see. 7 S 9 14 ?6 a5 13 15 
Rabbit brain extract heated to 60° ©. 

Prothrombin time direct, see. S s a) 1 143 20 23 27 

Prothrombin time eluate, sec. 71 x g 11 16 24 29 38 


Heated rabbit brain thromboplastin as a mecnus to estimate the corrective action 0 


normal plasma on hemophilic plasma: Rabbit brain when heated to 60° C. lost its potency 


to bring about consumption of prothrombin in hemophilie but not in normal plasma. O 
adding increasing amounts of normal plasma and a fixed quantity of heated rabbit brain 
extract to hemophilic plasma, the utilization of prothrombin increased, until it reache 
a value which was the same as that of the normal plasma in Table If. It should 1 
observed that one part of normal in seven parts of hemophilic plasma produced a distin 
increase in prothrombin consumption. 

The thromboplastic potency of rabbit brain extract as measured by the prothrombin co 
sumption test: The results recorded in Table II] show that little prothrombin was consum 
when platelet-poor plasma was clotted, and that addition of rabbit brain extract brought abo 
a marked increase in utilization of prothrombin. The greater the amount of brain extra 
added, the more prothrombin was consumed. The extract heated to 60° C. when test 
on normal platelet-poor plasma retained a high thromboplastic activity, but was somewh 


less effective than the preparation incubated at 50° ©, 
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DISCUSSION 


The results obtained in the present study have both theoretical and prae- 
tical significance. The findines suggest that thromboplastin should still be 
regarded as an activity rather than as a specific chemical compound. The term, 
thromboplastin, may therefore be best defined as the agent or group of agents 
which with ealeium and labile factor are essential for the conversion of pro- 
thrombin to thrombin. Cireulating blood contains no thromboplastin. It is 
formed only after platelets have undergone lysis and have liberated a factor 
which apparently reaets with a plasma constituent which we have designated, 
thromboplastinogen. For convenience and simplicity it has been postulated 
that the platelet factor and thromboplastinogen interact to form active thrombo- 


plastin. According to this concept, the first reaction in coagulation is: 
Thromboplastinogen + platelet factor = thromboplastin 


This reaction is hypothetical. It is employed primarily to express the fact 
that thrombolastie activity depends on a plasma constituent which is deficient 
in hemophilia, and also on a platelet factor. The sequence with which these 
agents react with labile factor and prothrombin remains undetermined. But 
it is an established fact that when much prothrombin remains in the serum 
provided the blood is clotted under standardized conditions) a deficiency of 
either thromboplastinogen or of the platelet faetor is usually responsible. The 
prothrombin consumption test becomes a simple means for measuring the over-all 
thromboplastie activity, but it fails to distinguish between the plasma and 
platelet factors. 

It has generally been assumed that tissue extracts contain thromboplastin, 
which, in terms of the new concept, means both the plasma and the platelet 
factors. The results of the present studs confirm this assumption, for if rabbit 
brain extraet (ineubated at 50° ©.) is added to either normal platelet-poor 
plasma or to hemophilie plasma, prothrombin consumption oceurs proportional 
to the amount of reagent added. This clearly shows that rabbit brain eontains 
hoth factors, or the product ot these two agents, namely, free thromboplastin. 

A significant change occurs when tissue extract is heated to 60° C. or 


ligher. While sueh an extract still causes normal prothrombin consumption 


platelet-poor plasma from a normal subject or one with thromboeytopenie 
pirpura, it fails to induce conversion of prothrombin to thrombin in hemophilie 

isma. Heating therefore destroys the true or complete thromboplastie activity 
0 tissue extract. This indicates that a preparation such as rabbit brain extract 
e‘her eontains both the primary factors that constitute thromboplastie activity, 
0» tree or active thromboplastin, if one assumes that the two agents interact 
form a finite compound. On heating, thromboplastie activity is destroved; 
Nita ftaetor whieh ean reaet with the plasma factor, thromboplastinogen, remains 
hily active. Therefore heated rabbit brain is still highly active in normal 

sma, but inactive when added to hemophilie plasma sinee the latter Jaeks 


omboplastinogen. 
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The heat stable component of tissue extract behaves like the platelet factor 
which is also heat resistant. One can conclude that the platelet principle and 
the heat stable component of tissue extract are either identical or closely related 
physiologically. They are probably not proteins or enzymes as one of us' 
postulated. The results of the present study indicate that the heat stable ¢om- 
ponent of tissue extract and thromboplastinogen interact stoechiometrically. 
Shinowara* has recently also concluded that the thromboplastic cell component 
and the plasma component react stoechiometrically, 

Although the trustworthiness of the prothrombin consumption test is begin- 
ning to be recognized clinically, the reliability of the one-stage method to deter- 
mine prothrombin in serum, nevertheless, has been questioned. The poor or 
slow conversion of prothrombin in hemophilia is, however, also demonstrable 
by the two-stage method. Brinkhous® already reported this is 19389. Soulier® 
and Merskey* who employed a modified type of two-stage method also confirmed 
the observation that much prothrombin remains in hemophilie serum. To meet 
the objections to the one-stage method, the prothrombin was determined by 
an alternate method, the adsorption and elution procedure.’ It has been found 
that the removal of prothrombin from plasma or serum by adsorption to tri 
ealeium phosphate and its subsequent elution with sodium citrate is sufficientl) 
complete to permit employing the procedure for the quantitative determination 
of prothrombin. The agreement between the results obtained by the direct one 
stage test and the adsorption-elution procedure are remarkably good for both 
normal and pathological bloods. This indicates that even if serum should con- 
tain accelerators or inhibitors, they have a negligible influence on the pro 
thrombin time. It will be noted, however, that when tissue extract such as 
rabbit brain is added to plasma, a diserepaney may occur in the results obtained 
by the direct one-stage method and by the adsorption and elution procedure 
especially in the lower prothrombin range. In this type of experiment, the 
adsorption-elution test is the more reliable. 

Irrespective of the theoretical implications of the present findings, the 
observation that rabbit brain extract heated to 60° C. loses its power to cause 
prothrombin conversion in hemophilic plasma, has proved to be of great value 
in the diagnosis of this disease. In addition to the patients studied in our 
laboratory, the senior author has applied the test in the examination of twelve 
hemophiliae patients in various countries of South America with uniform! 
good results. In thrombocytopenic purpura, the addition of rabbit brain 
extract heated to 60° C. brings about a high consumption of prothrombin, whic! 
follows logically since the thromboplastinogen is normal in this condition. 


SUMMARY 


Acetone dehydrated rabbit brain, which has a high thromboplastie activi v 
as estimated by the one-stage prothrombin test, brings about consumption of 
prothrombin when added to platelet-poor normal or hemophilie plasma. Wh:1 
the extract is heated to 60° C., its activity to bring about utilization of p 
thrombin in hemophilic plasma is lost, but it remains active in platelet-p: 
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normal plasma. These findings suggest that a tissue extract such as that of 
brain has a heat labile factor which acts direetly with prothrombin, and a heat 
stable agent which requires a plasma factor to produce active thromboplastin. 
In hemophilia the plasma factor is lacking. The ineffectiveness of heated rabbit 
brain extract to cause consumption of prothrombin in hemophilie plasma is 
important for the diagnosis of hemophilia. 
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THE DEPERMINATION OF BLOLOGIC SODIUM 
Epwarp J. Vax Loox, Pu.D.. Merur R. Likins, M.S..* axp ALMA J. SEGER, B.S 
LOUISVILLE, KY 
Hie) determination. of sodium in biolowical fluids has been the subject Ol 
many investigations and reports. The direct determination of sodium by 


use of uranyl triple acetate is the most common chemical method utilized 





Many modifications of this method have been advanced. 

In our studies of base exeretion on patients on low soditum diets we used 
the method suevested 1) Albanese and ein, as it appeared to he a simple and 
reliable one. Tlowever, when urinary sodium results using the Albanese method 
were compared to those found Hy LUSe ot ‘4 flame photometer Barclay dis 
erepancies were noted. These errors and their correction are the subject of 
this report, 

REAGENTS 


lwo reagents were used in this investigation, the reagent suggested by Albanese 


hereafter referred to as the ‘‘original reagent’’) and a modification of this reagent 
hereafter referred to as the ‘*‘modified reagent’’). The modified reagent is) prepares 
from a ostock rengent. This stock reagent is prepared by dissolving 100) Gm. ot 
UO;5(CHO <H.O in 500 mil. of boiling water containing 20 ml. of glacial acetic acid 
In a separate container 300 Gm. of Zn(C,H,O PH.O are dissolved in 500 ml. of boilir 

water containing 10 ml. of glacial acetie acid. The two boiling solutions are mixed an 
reheated just to boiling. This solution is cooled, filtered, and stored in a dark bottle out 
if direct sunlight. It is stable for months. The working reagent is prepared by dilutit 


volumes of stock reagent with 3 volumes of reagent methanol and 2 volumes of 95 pe! 


‘ent ethanol. It is filtered immediately before use. 


RESULTS 
Albanese reported that a plot of optical density vs. concentration of sodiun 
resulted in a straight line. As this is in confliet with other reports,? ° it was 
deemed necessary to investigate this calibration curve. Fig. 1 shows the eal 


bration curve obtained in our investigation. 





A large number of urine sodium determinations were carried out using 





the flame photometer and the Albanese method. A large positive error was 





noted in the chemical method in certain abnormal urines. Albanese has also 
noted this difference in urines of patients receiving ACTH or cortisonet (Ss 
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TABLE I, CHEMICAL ANALYSIS COMPARED TO FLAME ANALYSIS ON URINE 

CHEMICAL — APPROX. % 
Na Na K K/N& ERROR 
1.49 0.67 1.29 1.03 1292 
0.89 0.36 0.65 1.8] 147 
0.82 0.38 0.54 1.42 116 
1.78 1.39 1.74 1.25 28 
1.83 155 1.9] 1.23 18 
2.47 1.90 2.14 1.12 30 
2.40 1.86 2.07 |e 29 
2.04 1.75 1.93 1.10 17 
2.78 2.44 2.61 1.07 14 
2.20 eS fh Lis 1.01 29 
2.48 2.00 1.99 1.00 24 
2.06 1.68 1.44 0.86 o3 

Chemical procedure according to Albanese. 

Concentration expressed as grams per 24 hours. 





This error seemed to be caused by the presence of abnormally high 


Table I). 


l K/Na ratios. Accordingly, standard sodium solutions were contaminated with 
the 


As the K/Na ratio approached unity, it was noted that 


known amounts of potassium and the sodium determined by original 


Albanese procedure. 


| 
the solutions became turbid due to the precipitation of the K uranyl salt (See 
Table IT). 
TABLE IT, Errect oF K ON THE ALBANESE PROCEDURE FOR NA DETERMINATION 
Cxa CK AVERAGE 
it MG. PER TUBE) K/Na O.D. 
3 0.40 0.0 0.0 0.329 
0.40 0.1 0.25 0.332 
0.40 0.2 0.50 0.33 
0.40 0.3 0.75 0.3444 
a 0.40 0.4 1.00 cloudy 
0.80 0.0 0.0 0.565 
‘ 0.80 0.2 0.25 0.564 
0.80 0.6 0.75 O.568 
0.80 0.8 1.00 cloudy 
Optical Densities measured on a Coleman Universal spectrophotomete: it 430 
Precipitation was carried out at 4° C. for a period of one hour. 
*Triplicate analyses. Precision of + 1.5 per cent on clear solutions. 
iM FOne tube of three showed marked turbidity 
lj It was further noted that the original Albanese method gave dependable 
results on serum samples. Results of analyses by this method were compared 
ny to results obtained by flame analysis and are listed in Table IIT. 
Iso TABLE III. DETERMINATION OF SODIUM IN SERUM 
see CHEMICAL ANALYSIS FLAME ANALYSIS 
(MG. OF SODIUM PER 100 ML.) 
hn 
| 306.0 308.1 
| 287.3 286.0 
300.5 307.0 
292.1 292.9 
326.0 331.0 
334.0 533.0 
301.0 98.0) 





276.0 


Chemical procedure followed was that recommended by Albanese. 
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Several modified reagents were investigated. However, the only satisfactory 
reagent proved to be the modified reagent described above. This reagent was 
tested for interference due to potassium and was found to be satisfactory, 
Several slight modifications in procedure were found necessary and will be 
discussed in a later portion of this paper. The decreased effect of potassium 
on the sodium determination is illustrated in Table IV. It should be noted 
in Table IV that the critical K./Na ratio using the modified reagent is greater 
Table If the Kk interference is noted when the K/Na 


than 25, whereas from 


ratio is approximately 0.75 using the Albanese procedure. 








600 
500 m 
400 

= 

o r 
300 3 

(2) 

r] a 

rf 

a 
200] © A 

a 
100 
ee 
y 
Ya 
vi 
. 0: 02 03 04 05 06 07 08 
mg. Sodium per tube. 

Fig. 1.—Calibration curve using Albanese procedure 430 my 19 by 105 mm. curvette 


TABLE IV. 


EFFECT OF K ON THI 


DETERMINATION OF NA USING THE MODIFIED REAGEN1 


CK AVERAGE 
Ci, Cx Cna 0.D.* 
0.4 0.0 0.0 0.339 
0.4 0.2 0.5 0.343 
0.4 0.4 1.0 0.342 
0.4 0.6 1.5 0.342 
0.4 4.0 10.0 0.342 
0.4 8.0 20.0 0.345 
0.4 10.0 25.0 0.339 
0.8 0.0 0.0 0.600 
0.8 0.4 0.5 0.596 
0.8 0.8 1.0 0.605 
0.8 1.2 1.5 0.594 
0.8 8.0 10.0 0.596 
0.8 16.0 90.9 0.597 
0.8 20.0 295.0 0.602 


The above 


of modified 


reagent. 





two 


hours. 
*Triplicate 


data were obtained 


analyses. Precision 


by analysis of 0.2 ml. 


The precipitation was carried out at 


of solution by addition of 2.0) . 
room temperature for a perio Mf 


} 








of + 1.5 per cent. 
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Table V contains data comparing values obtained on pathological urines 
by the modified method and flame analysis. 
The procedure used for the modified reagent varies from that of Albanese 


in three respects only. (a) For each volume of unknown 10 volumes of reagent 


are used for precipitation. (b) The time needed for precipitation is two hours 


instead of one hour. (¢) The precipitation is carried out at room temperature 
rather than at 4° C. 


TABLE V. DETERMINATION OF NA BY THE MODIFIED REAGENT AS COMPARED TO FLAME 
ANALYSIS ON ABNORMAL HUMAN URINE 


GM. OF Na/24 HRS. BY CHEMICAL METHOD GM. OF Na/24 HRS. BY FLAME METHOD 
1.05 1.05 
1.28 b.32 
OST 0,55 
0.30 0.31 
2.90 2.93 
0.78 0.79 
5 eg 3.65 
215 2.24 
0.91 0.96 
1.68 1.69 


The procedure followed in obtaining the above data was that described for the modified 
reagent. 


DISCUSSION OF RESULTS 
The discrepancy between the calibration curve obtained by Albanese and 
the one obtained in this laboratory can be partially accounted for by the dif- 
ference in instruments used. (Klett-Summerson photoeleetrie colorimeter with 
an S-42 filter vs. Coleman Model 14 spectrophotometer.) Since at this point 
the Albanese calibration curve is being diseussed it should be pointed out that 
the formula reported by Albanese to replace the ealibration curve is not in 
accordance with mathematical facts. In order for such a formula of propor- 
tionality to be used the calibration curve must be a straight line of such nature 
that it ean be projeeted through the origin. The eurve reported by Albanese 
does not meet this qualification; hence, to use the proportional formula in his 
lethod, multiple standard solutions must be run with the unknown so that the 
difference in optical densities between the unknown and standard is small. 
The interference of potassium was first noted when certain urines showed 
a cloudiness after being centrifuged to free the solution of uranyl phosphate. 
Ai first this was thought to be due to excess phosphates, but examination sup- 
ported the fact, reported by Albanese, that phosphates offer no interference. 
li soon became evident that these abnormal urines were those having a high 
Kk Na ratio. Experiments were undertaken to establish the critical ratio where 
wiassium interfered with the determination. This ratio was found to be 


es'remely variable using the Albanese method. However, it was determined 
that if the K/Na ratio was smaller than 0.5, no interference occurred. In 
a\ rage normal urine this ratio would rarely be exceeded. When the ratio was 
be'ween 0.5 and 1.0, duplicate or triplicate analyses could not be repeated con- 
sis'ently due to the presence of K uranyl acetate. Some tubes would be cloudy, 
‘ie had normal optical densities, and some resulted in clear solutions with 
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optical densities of higher values than theoretical. K/Na ratios larger than 
1.0 always resulted in cloudy solutions. If these cloudy tubes were allowed 
to stand overnight and centrifuged, a clear solution was obtained, but error 
due to high optical densities was observed. 

The uranyl erystals obtained with standard sodium solutions using the 
Albanese reagent are smaller in size and darker yellow than those obtained 
with potassium. In facet, the laboratory personnel working daily with this 
determination could observe the uranyl precipitates after washing with alcohol 
and tell if mixed Na and K uranyl eryvstals were present. 

It was apparent that in certain pathologie conditions or in cases of in- 
dividuals on a restricted salt diet the Albanese method would not vield reliable 
urine sodium values. Shorter precipitation periods and higher precipitation 
temperatures were investigated as a means of correcting this error in. the 
Albanese method ; both results were only partially suecessful. The critical K/Na 
ratio was improved, but it was still not high enough for unrestricted use. 

It was found that the modified reagent required ten volumes of reagent 
to each volume of unknown solution in order to give dependable results, and 
that for all precipitation two hours were required. Precipitation carried out 
at 4° ©. with the modified reagent caused a smaller critical K/Na ratio than 
that at room temperature. The critical K/Na ratio of 25 obtained with the 
modified reagent and technique is large enough so that difficulty due to high 
K/Na ratios should never be encountered in even the most patho!ogie urine. 
The data in Table V illustrates the accuracy of the modified method compared 
to flame analvsis. 


CONCLUSION 


The method of sodium analysis offered by Albanese is satisfactory when 
a ealibration eurve is used for ealeulation, but determinations are limited to 
serum or normal urine analysis. For pathological urines with a high K Na 


ratio it is necessary to use a modified reagent. 
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VISUAL DELINEATION OF THYROID GLANDS IN VIVO 
EK’. K. BAver, M.D., W. E. Goopwin, M.D.. R. L. Lissy, Pa.D., anp 
B. Cassen, Pu.D. 

Los ANGELES, CALIF. 


HIS report deseribes the visual delineation of thyroid glands of patients 

to whom I'' had been administered. The visualization of the area occu- 
pied by the gland is accomplished by means of an automatie scanning device 
and a visual recorder’ which registers gamma ray activity. 

It is suggested that this type of picture or visualization of a radioactive 
area be called a ‘‘scintigram’’ and that specifically in this case they be called 
“thyroid seintigrams.’’ 

Allen, Libby, and Cassen? have recently deseribed an in vivo method for 
outlining the area occupied by the thyroid gland. A directional scintillation 
counter’? is used to determine the count rate for a series of coordinate points 
over and around the area oceupied by the gland. By drawing a line through 
the series of isocount points representing the margin of the lobes of the thyroid, 
an outline of the gland is obtained. This method, while affording exeellent 
delineation of the area occupied by the thyroid eland, proved tedious both for 
the patient and the nurse or technician recording the observations because of 
the time required to complete a series of some thirty to sixty individual reeord- 
ings of the count rate. This procedure has been greatly improved and simpli- 
fied by the development of an autematie scanning device and a visual recorder.’ 
The time required to complete an outline of the gland was one to two hours, 
Whereas a ‘‘seintigram’’ can be obtained mechanically in from fifteen to thirty 
minutes. 

The detailed construction of the automatie scanner and the visual recorder will 

pear in a separate report. Briefly, the automatic scanner consists of a carriage support 
the directional scintillation counter.2) The counter is moved alternately back and forth, 

th a \ inch vertical displacement for each sweep or sean over the area oecupied by 
thyroid gland. This movement is represented by the solid lines appearing in the 
intigram.’’ (See Figs. 3 to 6. The movements of the directional counter are con 


led by an arrangement of electric motors, gears, screws, and micro switches. Mechani 


v, there are a number of efficient designs that will provide this tvpe of motion. 


The visual recorder is mounted over a 7 inch by 8 inch metal drawing board and 
in integral part of the automatic scanner (Figs. 1 and 2). The recorder consists of a 
ting pen actuated by a small 110 volt electromagnet. It is similar to the chronograph 

attachment used on Esterline-Angus graphic instruments for recording the time of 
rrence and duration of some event which is related to the record being made by the 

From the Radioisotope Unit, Wadsworth General Hospital, Veterans Administration: De- 

lents of Radiology and Biophysics, School of Medicine, University of California at Los 

les; Department of Medicine, College of Medical Evangelists. 
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instrument.* 
recorder is provided through the output leads of a laboratory scaling circuit of the type 


The 110-volt pulse that activates the electromagnet and pen of the visual 


emploved for counting radioactive samples. In our laboratory, both a decimal and a 
binary sealing circuit have been used. It is advantageous to provide a selection of scales, 
since no two thyroid glands will have an identical amount of radioactivity. Our experience 


to date would indicate that the best ‘‘scintigram’’ of the active area is obtained when 


the count is at least five to ten times greater than the background count observed outside 
the radioactive gland. The density of the ‘‘scintigram’’ is determined by the radioactivity 
in the gland, the rate at which the directional scintillation counter is moved across the active 
area and the scale 2, 4, 8, 16), ete. selected, The rate of scan and the selection of the scale 
that provide the best visualization are determined by a single preliminary sean across the 
radioactive thy roid area, The senler which activates the pipping pen should be set in such 
a way that individual pen strokes are recorded, and that smearing of the individual strokes 
is avoided, The scanning distance is adjusted so that a nonactive area outside each lobe is 


covered during each movement of the directional scintillation counter over the patient ’s neck. 


“UTOMATIC SCANNING DEVICE 


T AMO REVERTING 
SwiTCuEs wo’ Snowe 


CUTAWAY VIEW 
Diagrammatic view of essential components of automatic scanner. 
The principle involved in obtaining the *‘scintigram’’ is relatively simp! 


As the directional scintillation counter scans over a nonactive area of the ne 


the writing pen records each pulse fed to it by the scaling circuit by drawing 


ly inch line (Figs. 3 to 6). The spacing hetween each line represents the ti 


for the sealer to accumulate a predetermined number of counts. As the 

rectional scintillation counter scans over the radioactive area of the neck, 1 
count rate increases, and thus the spacing between the lines drawn by the vis 
recorder decreases if a constant rate of sean is maintained. If a complete sur 
of the patient’s neck is made, one obtains ‘‘seintigrams’’ similar to those sho 
in Figs. 3 to 6. 


*Esterline-Angus, List of Supplies, Accessories and Parts for Model AW. Graphic 
struments, Cat. No. 8510. 








VISUAL DELINEATION OF THYROID GLANDS IN VIVO lode 


The automatic scanner and visual recorder have been extremely useful in 
a number of instances which will be discussed as follows: 

A. It permits a complete visualization of functioning thyroid tissue whether 
in the thyroid or in other areas of the body (the instrument can probably be 
adapted to other isotopes). The ‘‘seintigram’’ of the gland has been invaluable 
in our efforts to arrive at the correct estimation of therapeutic doses of I'** in the 
treatment of hyperthyroidism. In most institutions the weight of the gland is 
estimated by palpation. We have been attempting to arrive at the correct weight 
by caleulating the area of the gland, multiplying this area (centimeter square ) 
by the maximum length in centimeters and a constant factor which, in principle, 
represents the ratio of the average thickness of the gland to the length of the 
gland, multiplied by the specifie gravity of thyroid tissue. This factor has been 
derived from the study of several surgical and postmortem thyroid specimens.‘ 
The area of the gland and the maximum length are obtained directly from the 
‘*scintigram’’; the area is measured with a planimeter. 


View of experimental automatic scanner. 


B. It is possible to differentiate abnormally functioning portions of the 
vroid gland. We have observed several instances where portions of the thy- 
oid gland took up more I'*! than the rest of the gland although no nodes 


ould be palpated clinically or were even suspected. If nodes are palpated the 


trument can determine whether these nodes consist of functioning thyroid 
sue, at least as far as their iodine concentrating ability is concerned. The fact 
t unsuspected *‘nodular’’ areas can be found seems to us to be of importance 
‘ancer prevention. 

C. A series of ‘‘scintigrams’’ of several patients who had received thera- 
itie doses of I'®' for hyperthyroidism were done. The doses ranged from 
) 12 millicuries, and tracings were obtained biweekly. Swelling and tender- 
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ness of the thyroid gland have been mentioned in the literature following ad. 
ministration of therapeutic doses of [..°' in none of our patients has this 
been observed clinieally and the ‘‘scintigrams’’ show considerable decrease in 
functioning gland areas in the second week tollowing therapy. 

This is illustrated by the case of C. B., a 27-year-old man with typical 
Graves’ disease. (See Figs, 3 to 6. 

D. We have followed six patients with cancer of the thyroid who had had 
radical neck dissection for recurrence of thyroid tissue. In one patient we 
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Fig. 3.—'Scintigram” of thyroid gland obtained twenty-four hours after administration of 
a tracer dose of 200 microcuries of carrier-free T)*!, IKach pen stroke represents 16 pulses 
from the scintillation tube. 
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Fig. 4.—‘Scintigram” of thyroid gland six days after therapeutic dose of 8.75 millicuries 0! 
carrier-free [3), 
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were able to determine the presence of a small node before this node could 
be felt by palpation. The node was removed and found to be a metastatie lesion. 

E. We are adapting the instrument for the concurrent determination of 
accumulation of T°! in the thyroid gland (uptakes) as well as outlining the 
thyroid gland so that a complete study can be done in forty-eight hours. In 








Fig. 5.—‘‘Scintigram” of thyroid gland twelve days after therapy; in this figure and in 
Fig. 6, each stroke represents 128 pulses from the scintillation tube The amounts of IT *! 
remaining in the gland at this time are in the millicurie range compnred to the tracer dose 


n Fig. 3. Note slight shrinkage of gland 
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Fig. 6.—‘“Scintigram” of thyroid gland twenty days after therapy; note shrinkage of 
ctioning area of thyroid gland. The high concentration of I! in the lower portion 
the left lobe suggests a reutilization or translocation of I! from some other source, 
es to explain this phenomenon are in progress. 
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the past, the uptake study and outlining procedure had to be done consecutively 
beeause the dose used for the uptake study was too small for the directional 
scintillation counter on the automatie scanner and the scanning dose too large 
for the wide angle seintillation tube.2. This instrument can be used to visualize 
radioactive areas other than the thyroid gland, and can be adapted to other 
gamma emitting isotopes. 


SUMMARY 


The clinical usefulness of an automatic scanner and visual recorder for 
delineating thyroid glands containing ['*' has been demonstrated. It is sue- 
gested that this type of visualization of a radioactive area be called a ‘‘seinti- 
gram.’’ 

The instrument has proved helpful in the estimation of gland size and 


weight. It permits visual follow-up of I'*' therapy in patients with hyper 


thyroidism. 

Nodes which accumulate ['*! can be differentiated from those which do 
not. Clinically unsuspected areas which concentrate more T°! have’ been 
demonstrated. 

The instrument is valuable in the follow-up of thyroid cancer patients. 

It enables the surgeon to be certain of complete removal of funetionine 
thyroid tissue. 


> 


William D. Harris, B. S., and Mrs. J. Perini, R.N., gave technical assistance. 
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A SIMPLIFIED METILOD FOR DETERMINING THE EXCRETION RATE 
OF UROPEPSIN 


Pritie M. West, Pu.D., M.D., FRANK W. Evuis, M.D., anp 
Bronettra L. Scort, M.S. 
LoNG BEACH, CALIF. 


Hk growing interest in the relationship between adrenal cortical function 

and various diseases in man has made it desirable to discover relatively 
simple methods for estimating the output of Compound E and F type hormones. 
Spiro, Reifenstein, and Gray! have shown that the administration of ACTH 
to a normal individual causes an increase in the secretion of gastric pepsinogen. 
As demonstrated by Mirsky and associates,” ° this substance is released into the 
circulation and appears in the urine as uropepsin, an identical or closely related 
enzyme. In Addison’s disease uropepsin excretion is low, is not inereased by 
ACTH, but returns to normal when cortisone is given.! These and related find- 
ings are significant in that they suggest that the excretion rate of uropepsin is 
under hormonal control mediated via the adrenal cortex. In order to interpret 
the results of uropepsin assays in terms of adrenal activity, it is of course neces- 
sary that the target organ, the gastric mucosa, be responsive to stimulation. 
As many investigators have reported’ * * ° uropepsin is consistently absent from 
the urines of patients with pernicious anemia or following total gastrectomy. 


MATERIALS AND METHOD 


The method to be described is a modification of that originated by Sylvest® for deter- 
mining the renninogen content of urine. In its present form, uropepsin assays may be made 
rapidly with a minimum of equipment and technical experience. In this clinic the procedure 
has yielded consistently reliable results. 

Reagents.—(a) pH 4.90 acetate buffer (NaOH 4.2 Gm., glacial acetic acid 9.2 ml., 

distilled water to make 100 ml.). Adjust pH accurately using pH meter. 
(b) 2N HCl. 
(c) 0.2 per cent aqueous methyl orange. 
(d) Milk-buffer mixture: equal parts of fresh homogenized milk and acetate 


buffer. 


Collection of Timed Urine Samples.—The patient is instructed to empty his bladder, 


scard this specimen, and record the time. The next voiding is saved, the total volume 
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measured, and the time again neted. If the collection is to extend beyond six hours, toluene 


should be added. Specimet s thus reserved may be stored in the refrigerator for two weeks 


without losing activity. 
Activation of Urinary Pepsinogcon.-Pepsinogen is converted to pepsin by the addition 


of 0.05 ml. metlivl orang 


e and 0.10 ml. 2N HCl to 2.0 ml. aliquots of the timed urine samples. 


The resulting mixture should then be acid to methyl orange, i.e., pll 3 or Jess. Occasionally 


more HCl will be required, in which case the final result is corrected for the dilution error. 
Next, the acidified urine is incubated in a water bath at 37° C. for one hour. Activation 
of pepsinogen takes place rapidly in the first fifteen minutes, and is usually complete in 
thirty minutes. At one hour pepsin activity has reached a maximum which is unchanged by 


further incubation. 
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Fig. 1.—Relationship between enzyme reaction time and uropepsin content of urine samp!' 


Measurement of Uro] epsin Concentration, All reagents used including distilled Wa 
are brought to 37° CC. To a test tube ml. activated urine, 0.90 ml. distilled wat 


and 1.0 ml. acetate buffer. Mix thorou ie reaction is then started by the addition 





0.5 ml, milk-buffer, the tube is shaken quickly, a stop wateh started, and the tube placed 


the 37° C. water bath. The end point of the reaction, aggregation of casein particles, is \ 
sharp and can be read with an accuracy of less than five seconds. The reading is made in 


the thin film on the inner walls of the tube above the surface of the mixture, and for 1.18 


reason as the end point is reached the tube should be shaken slightly every ten to fift en 


seconds to facilitate detection of the protein precipitation. In this way the amount of acid 
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urine which produces an end point in eighty to four hundred seconds is determined. If the 

values obtained using 0.1 ml. of the sample fall on either side of this range, the test is 

repeated with smaller or larger amounts, adjusting the volume of distilled water added so 

that the tube contains exactly 1.0 ml. -before the addition of buffer. The amount of urine 
| 


used may vary between 0.01 and 1.0 ml, but in the majority of specimens, 0.1 ml, will be 


found to give the desired reading. 
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Fig. 2.—Stimulation of uropepsin excretion by adrenocorticotrophic hormone. 


RESULTS 

Results are expressed in terms of units of uropepsin excreted per hour, one 
iit being defined for reasons of convenience and to facilitate comparison with 
ita obtained by other methods as the number of milliliters of activated urine 


: 10 required to give the end point in 100 seconds. This is equivalent to 0.26 
n icrograms of crystallized pepsin (Armour). Since the volume of urine used 


the determination and the time in seconds required to reach the end point are 
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logarithmically related (Fig. 1) and when so plotted yield a straight line with 
a slope, y/w, of 1.32, it follows that the units of uropepsin exereted per hour 


; I V 100 > 
Units/hr. . 1.32 
10. vh { 


where v=volume in ml. used in the test, ‘seconds required to reach the end 


may be expressed 


point, V=total volume of the timed specimen, and h=hours during which V 
was secreted. Inasmuch as the equation is not suitable for operational use with- 
out log tables or log-log slide rule, the graphical solution is very convenient. 
On log-log graph paper draw lines of standard slope back to the 100 second 
abscissa from any vf point determined by experiment. The value of v at this 
intercept is the number of milliliters of urine which will give the end point in 
100 seconds. Using this value, v’, the calculation is simplified as follows: 
\y 

v’xhx 10 

By this method, the morning excretion rate of uropepsin in healthy individ- 
uals is found to be 15 to 40 units per hour, with little variation in the same 
subject from day to day. Afternoon and night values are lower. The adminis- 
tration of ACTH may result in excretion rates in excess of 200 units per hour 


(Fig. 2). 


Units/hr 


SUMMARY 


A convenient method for determining the rate of uropepsin excretion is 
deseribed. The procedure is suitable for detecting increases in production of 
this enzyme which are known to accompany adrenal cortical stimulation. 


The authors wish to thank A. G. Van Alstyne, Gilfillan Bros., Ine., Los Angeles, for 


assistance in developing the equation on which the calculation of results is based. 
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NOTE ON THE STABILITY OF CREATININE IN NEUTRAL AND 
ALKALINE URINE 
C. A. J. von Frigtac DrRABBE, B.S... AND JOHN G. REINHOLD. PH.D. 
PHILADELPHIA, PA. 


RESERVATION of bile’ ? and porphyrin® pigments for determinations in 

urine collected over twenty-four hour periods is effectively accomplished by 
the presence of sodium carbonate (5 Gm.) and petroleum ether. Precise inter- 
pretation of the analytical results requires that such collections actually repre- 
sent the total urine secreted by the patient within the twenty-four hour period, 
vet the obstacles encountered when this is attempted are well known. Measure- 
ment of creatinine excretion as a means of evaluating uniformity of urine collee- 
tions offers helpful information. However, some doubt exists as to the stability 
of creatinine, especially in alkaline solution, over a period of one or more days. 
Kilinger and Matsuoka* claimed that 10 per cent of the creatinine in a solution 
containing 0.75 per cent sodium carbonate was destroyed at 37° C. within two 
weeks. Brazda, Espenan, and Beard® stated that creatinine was transformed to 
creatine at pIL 6.7 to 7.6 at 37° C. Horvath and Dill® found a similar conver- 
sion to creatine occurred in normal urine, containing thymol as preservative, 
at room temperature and in the cold. They advocated analysis within twenty- 
four hours of the collection period. 


ABLE I. STABILITY OF CREATININE IN URINE PRESERVED WITH PETROLEUM ETHER AND SODIUM 


CARBONATE. FINDINGS IN URINE OF EIGHT MALE AND SEVEN FEMALE LABORATORY WORKERS 


CREATININE 


ADDITIONS MG./100 ML. 

TO URINE DAYS STORED AVERAGE CONCENTRATION PRECISION * 
None Freshly voided 167 L.3 
Petroleum ether 2 169 Le 

° 169 L.5 

éj 170 1.5 

Plus 0.33 % sodium 2 164 L138 
carbonate a 170 4 
7 164 A 

Plus 1 % sodium 2 164 Be 
carbonate 2 171 Lo 
7 165 £5 


*The precision of the determinations was calculated using the expression 
=. | (Ni Xz)? 
\ N 
ere n is the total number of determinations (two times the number « 
resents the difference between duplicates. 


f pairs) and Ny X2 
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FRIJTAG 


We have tested the stability of creatinine in urine in the presenee of sodium 
carbonate and petroleum ether, and find that no change oceurred under eondi- 
tions ordinarily used in making such collections. Single voidings of urine from 
fifteen laboratory workers were analyzed promptly after collection. Aliquots 
were preserved at 5 to 8° C. with petroleum ether. To aliquot (a), no further 
additions were made. To aliquot (b), sodium carbonate sufficient to make the 
concentration 0.33 per cent was added, and in aliquot (¢), the sodium carbonate 
concentration was increased to one per cent. The pH of the fresh urine varied 
between 5 and 7. The pll of the (b) series varied from 6 to 8, and that of the 
(c) series from 7 to 10. Determinations of creatinine were made by the method 
of Bonsness and Taussky,’ two, four, and seven days later. 

The results are summarized in Table I. It may be seen that differences 
between fresh and stored samples were slight and without statistical significance 


SUMMARY 


Urine containing sodium carbonate in amounts used for preservation of bile 
and porphyrin pigments showed no change in creatinine concentration when 
stored seven days at 5 to 8 C. in the presence of petroleum ether, 

Eleven of fifteen urine specimens stored as described retained all creatinine 


after four weeks, and only one lost more than 7 per cent. 
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TRANSPARENT HOLDER FOR SMALL ANIMALS 


Kk’. LAMONT JENNINGS, M.D.* 
('Hicaco, Inu. 


URING a recent series of experiments in this laboratory it proved neces- 
DD sary to inject large numbers of rats subcutaneously several times a day 
for prolonged periods of time. In order to facilitate this procedure, a trans- 
parent plastic holder was devised, shown in lig. 1, that permitted one operator 
to inject the rats at a rate of approximately three animals per minute. 








Fig.. 1. 


Construction.—The body of the holder is made from a transparent plastic 
“ueite) tube. The diameter and length of the tube depend on the size of the 
imals to be injected. In practice it was found that a tube 214 inches in 
meter and 614 inches long would accommodate rats weighing 150 to 220 
ams. Dises are cut from sheet plastic to fit in the ends of the tube. The dises 
drilled with a half-inch hole in the center, through which the tail emerges, 
| a series of smaller holes to serve as air holes. The ends are cemented into 
tube, using aerylie solvent, and the cylinder is split lengthwise. A base 
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is fitted on the lower shell and cemented in place. A hole is cut in the upper 
shell for injecting the animals subcutaneously. The location and size of the 
hole depend on the type and location of injections to be made. For most injee- 
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tions a hole 1% inches in diameter located just posteriorly to the center of the 
holder is satisfactory. A length of brass piano hinge is bolted along the back of 
the holder to form a bivalve structure as shown in Fig, 2. 

Use—Subeutaneous injections are readily made in rats using this holder. 
The animal is simply placed in the holder and the top is closed. <A fold of 
skin is pulled up through the hole in the top of the holder and the injection is 
made into and under this fold, as seen in Fig. 3. 

Intravenous injections are easily made in the tail of the rat which ex- 
tends through the hole in the end of the holder. Dilatation of the vein is 
accomplished by picking the holder up and briefly immersing the animal’s tail 
in warm water. 

Continuous intravenous drip administration of fluids is also facilitated 
by the holder. In this case the animal is placed in the holder and the top is 
taped shut. The tail is then fatsened to a splint and the tail vein is dilated. 
The needle is placed in the vein and taped in position. Such injections have 
heen done repeatedly in rats with no apparent ill effects. 

Intraperitoneal injections can also be done utilizing the same holder. The 
rat is placed in the holder, and then the holder is inverted. This causes the 
rat to right himself and thus the abdominal wall presents itself in the injection 
window. <A fold of skin is grasped to immobilize the animal and the holder 
is righted. The injection is then easily accomplished through the abdominal 
wall. 

The disadvantages of anesthetizing the animal ean be avoided in many 
procedures by using the holder. Blood pressures in the rat are easily ob- 
tained by immobilizing the rat in the holder; this gives a truer value of the 
hlood pressure than is obtained when the animal is anesthetized or tied down. 
Also an animal can be bled repeatedly in a single day where repeated anes- 
thesia might prove harmful. 


DISCUSSION AND SUMMARY 


This small holder has several advantages over those that have heretofore 
been used. Its greatest advantage is that it permits one operator to inject the 
animals rapidly. Seeond, since the tube is slightly larger than the rat, the 
animal is not pinched in any way and, while he is almost completely immobilized, 
there is no danger whatsoever of damaging the animal. The transpareney of 
the holder facilitates injecting since the animal is completely visible at all times. 
Since the holder is made of easily worked plastie it can be constructed by anyone 
wih a few hand tools. The holder is easily kept clean, for all seams are 
celiented and the plastic may simply be wiped off. The holder may be readily 
lified to aecommodate either mice or guinea pigs. 


A LUER SLIP WITH A ROTATING LOCK 
ABE Ravin, M.D. 
DENVER, COLO. 


HE recording of pressure-pulse contours has come into widespread use 
Lead tubing with Luer slips is frequently used for making connections in 
such work. However, a male Luer-Lok slip can be used only at one end of the 
lead tubing. The connection at the other end, especially if the tubing is short, 
has to be a plain male Luer slip, and this end has a habit of working loose at 
the most inopportune times. To overcome this difficulty, a Luer slip with a 



































D 


Fig. 1. 


rotating lock was devised. It differs from the regular Luer-Lok in that th 
locking portion rotates and can be tightened without rotating the Luer slip am 
lead tubing. This rotating Luer-Lok slip was machined by combining the lockin: 
portion of a male Luer slip with a regular male Luer. In Fig. 1, A-D is the reg 
ular male Luer, A is the male Luer slip, and D is the end soldered to the lead 
tubing; B is a rotating locking portion, and C is a snugly-fitting washer to hold 
B in place. This Luer slip with a rotating lock has worked very satisfactory. 
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Received for publication, Aug. 14, 1951. 


168 





